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PREFACE 

Copper smelting practice is now in a period of rapid develop- 
ment similar to that upon which cyanide practice entered a decade 
agro. This compilation of recent articles on copper metallurgy 
will, it is hoped, serve to present in convenient form the views of 
well known engineers on current practice from Chile to Alaska 
and from Russia to Japan. 

Thomas T. R^3AD, 

Editor. 
New York, May 5, 1914. 
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EDITORIAL INTRODUCTION 



The articles which make up this volnnie have, with some excep- 
tiouSy api)eared in the pages of the MinitKj and Scientific Press 
during the past four years. Several papers presented before the 
American Institute of Mining Engineers have, because of their 
importance, and wuth the kind j)erraission of the Institute, been 
included. Two others are of earlier date than 1910. The essential 
features of the results of John Hollway's classic experiments, made 
in 1878, are told in his own words, showing how that early worker, 
in the course of an attempt to demonstrate that the heat of oxi- 
dation of pyrite ores is sufficient to maintain fusion during smelt- 
ing operations, outlined the essential features of the production 
of copper from matte in the converter, without apparently recog- 
nizing the full significance of his work. The article by Lewis T. 
Wright is included for a variety of reasons. It is a brilliantly 
clear and. concise statement by one of the leaders in the develop- 
ment of this phase of copper metallurgy, and it also serves, when 
read in conjunction with the articles on reverberatory smelting, 
to illustrate the great changes in the metallurgy of copper which 
a few years have brought about. 

A decade ago it was clearly recognized by everyone that the 
growing use of copper for industrial purposes would make neces- 
sary a great increase in its production. It was equally evident 
that no more great bodies of comparatively rich sulphides or 
native copper, such until then as had been the mainstay of the in- 
dustry, were likely to be found. Universal attention was directed 
toward the large deposits of * cupriferous pyrite,' as they were gen- 
erally termed. Meanw^hile a group of metallurgists, L. T. Wright, 
W. H. Freeland, P. R. Cari)enter, Robert Sticht, Herbert Lang, 
and many others, had been busy developing the technique of the 
metallurgical operation of cheaply smelting ore consisting largely 
of pyrite, marcasite, or pyrrhotite. Nearly everyone regarded pyrite 
smelting without coke as the metallurgy par cvreUence of the imme- 
diate future. 

Meanw^hile an apparently small discovery had been made. * Cup- 
riferous pyrite* proved to be a figment of the imagination, the 
ores so designated being actually pyrite with chalcopyrite or other 
copper sulphides disseminated throughout them. It was further 
found that copper sulphides not infrequently occur disseminated 
throughout rock masses, chiefly igneous intrusives or the adjacent 
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rocks, so as to form large bodies of low-grade ore. A second 
group of engineers, chief among whom was D. C. Jackling, saw 
the new possibilities which this opened. Cheap smelting of such 
material, silicious rock containing disseminated sulphides corre- 
sponding to a copper content of 25 to 50 pounds of copper per 
ton of ore, was out of the question, but if it could be cheaply 
mined and cheaply concentrated many tons into one, making a 
reasonable saving of the copper present, low-cost smelting would 
not be essential. 

Thus two sharply contrasted methods of treatment are involved : 
on the one hand large or small-scale mining, the production of 
the ore in lump form, and the smelting of the whole mass, utiliz- 
ing the heat of the sulphur present in order to economize in the 
ase of fuel ; and, on the other hand, large-scale mining, cheap crush- 
ing to small size, concentration (more than twenty tons being con- 
centrated into one in some eases), roasting of the sulphide concen- 
trate, and smelting in reverberatory furnaces. The success of the 
latter method hinges on the percentage of the copper present which 
can be recovered by concentration. As is well known, careful 
large-scale experiment demonstrated that two-thirds of the copper 
present could be recovered by wet concentration. On the basis of 
a cost of 42 cents per ton for mining, 28 cents for transportation, 
and 41 cents for milling, and the concentration of twenty tons 
into one, the whole operation can be conducted at a profit, even 
with material containing only 30 pounds of copper per ton. On 
this basis the relatively higher cost per ton of material smelted 
in the reverberatory furnace becomes of minor import in the total 
cost. 

Several other factors contribute toward the increased and in- 
creasing favor with which reverberatory smelting is regarded. 
Elsewhere in this volume, E. P. Mathewson discusses with authority 
the causes which have led to this growth. Another cause, to which 
my attention has been drawn by R. L. Lloyd, is the improvement 
in roasting practice. When the control of the temperature and 
air-supply during roasting is faulty, a certain amount of ferric 
oxide and of ferrite of iron is produced, and additional reactions 
in the laboratory of the reverberatory are made necessary, thus 
decreasing the speed of smelting as compared with the treatment 
of material in which all the iron is present in the ferrous state. 
As a matter of practical operation, the use of liquid petroleum 
or powdered coal has cut down the fuel cost, and the use of boilers 
in the exit flues, by recovering the heat of the escaping gases and 
returning it to the power-plant as steam, has made a further im- 
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portant reduction. The reverberator}- is a convenient place for 
disposing of the increased quantity of slag made by converters 
since the addition of silicious ore to the matte charge became 
general practice. Above all, it handles without difficulty the finely 
divided concentrate which is the necessary product of the method 
of treatment referred to above, and similarly disposes of the dust 
accumulations yielded by other departments of the plant, such as 
the roasters. The most recent phase of development is the use 
of flotation to recover the copper content of the ore. This makes 
even finer crushing necessary and accentuates the advantages of 
the reverberatory for the treatment of material in a fine state of 
comminution. 

Bli^t^fumaee smelting of lump ore has many advantages, which 
it can scarcely be necessary to mention, but is subject to the limi- 
tation that even under the most favorable conditions a consider- 
able proportion of the ore will be of smaller size than desired. 
This may be sent directly to the blast-furnace, with the result that 
the speed of smelting is decreased, which amounts to increasing 
the overhead costs, and a large quantity of flue-dust is produced. 
This can be caught in dust-chambers, but if put back into the blast- 
furnace without further treatment is merely blown out again in 
a sort of perpetual cycle. It may be agglomerated in brick presses 
using a suitable binder, agglomerated by the use of converter slag, 
or sintered by one of the various processes. All these operations 
add to the total cost and somewhat complicate the work of the 
plant. With the exception of the latest methods of sintering, they 
are all unsatisfactory, and the tendency of present practice all 
seems to be toward the extension of reverberatory smelting. In 
large plants coarse material is smelted in the blast-furnace, while 
reverberatories take care of the blast-furnace flue-dust and the fine 
ore or concentrate. Where the amount of finely divided material 
is too small to justify the construction and operation of a rever- 
beratory, the sintering of fine ore and flue-dust is an efficient way 
of meeting the problem. But where, as in the plant recently built 
at Hayden and the one now building at Globe, all the material to 
be smelted is finely divided, the reverberatory alone, coupled with 
the present very efficient roasting technique, serves to meet the 
situation. 

The short space of time covered by the articles which make up 
this volume bridges over three sets of problems in the metallurgy 
of copper. I have already discussed the readjustment of smelting 
problems which grew out of the exploitation of the disseminated 
copper ores. But, as always in human endeavor, the solving of 
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any important problem merely leads up to the recognition of an- 
other. The financial profit resulting from the exploitation of the 
disseminated ores does not serve to obscure the fact that one-third 
of the copper content escapes recovery. In additiim, large ore 
reserves of oxidized copper minerals are known to exist in various 
places, and these are not amenable to profitable treatment by any 
present method. The use of wet methods for the recovery of 
copper from its ores has been proposed ever since early times, and 
they have been successfully practised in a few places where local 
conditions favor their use. Generally speaking, however, they are 
complicated and require a nice adjustment of mechanical equip-, 
ment to chemical reactions. Except upon a large scale, they are, 
for general practice, an economic impossibility, but the readjust- 
ment of modern conditions seems to be tending toward a state of 
affairs where wet methods become feasible. The number of proc- 
esses proposed is legion, but leaching with sulphuric acid is the 
rule in present work. The precipitation of the copper from the 
pregnant solution is a vital problem. It can be done by the use 
of metallic iron, or by electrolysis, but the difficulty is to attain 
a low cost. Both methods are about to be put into operation on 
a large scale, and in a year or two our knowledge will be more 
complete than at present. Sulphuric acid, either for leaching or 
for other methods of chemical attack, seems likely to remain the 
chief reagent, for the sulphur content of the fume escaping from 
sinelter stacks is everywhere a problem, and its utilization for 
the manufacture of sulphuric acid, some of which may be used in 
the treatment of oxidized or roasted sulphide ore, is likely to be 
one of the lines along which the copper metallurgy of tomorrow 
may develop. 

Thomas T. Read. 
. New York, May 5, 1914. 
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HANDLING FURNACE CHARGES AT CANANEA 

By MoRBis Jesup Elsino 
(May 4, 1912.) 

The methods of handliug furnace charges at the smelting plant of 
the Greene Cananea Copper Co., Cananea, Sonora, Mexico, involve 
many unusual features. Under the management of Arthur S. 
Dwight, with the assistance of E. H. Messiter, consulting engineer 
for the Robins Conveying Belt Co., a series of belt conveyors and 
mechanical devices were designed and constructed for mixing the 
blast-furnace charge and delivering it to the furnace. Several parts 
of the original construction have been replaced because of difficulties 
found in operating, and the installation is now working with great 
success. The diagrammatic * flow-sheet'. Fig. 2, illustrates the fol- 
lowing description, and shows the details of capacity. The * flow- 
sheet' of the sampling works is also included. 

In outline the plant consists of a series of eleven receiving bins, 
constructed of wood, for ore and secondaries, and eight steel bins 
for concentrate and picked ore. These bins are filled by. trains from 
the mines and concentrator, after each car has been weighed on a 
F'airbanks scale. The bins are equipped with automatic feeding 
devices that deliver to a belt conveyor, which transports the ma- 
terial to the sampling works, where it is automatically sampled. 

The feeding device attached to the wooden bins consists of a steel 
table suspended by four rods at the bottom of the bins. This steel 
table is given a reciprocating movement by a connecting-rod at- 
tached to an eccentric placed at the back of the bins. This eccentric 
is attached to a shaft, which extends the entire length of the wooden 
bins. Each of these bins has four of these feeding devices. The 
ore feeds into a movable steel hopper, which breaks its fall upon 
the belt. The picked ore from the steel bins is fed upon the belt 
by a shaker feed-car, which is a hopper mounted on a carriage 
astride of the conveyor. This hopper has a table below its discharge 
opening, which is given a reciprocating motion, feeding the material 
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on the belt at the desired rate, being controlled by certain adjust- 
ments. 

The concentrate is fed upon the belt from the bottom of the bins 
through a steel chute which is provided with an arc gate. In order 
to assist the steady feeding of this wet material, an attendant is 
stationed at the chute with a compressed-air barring device. This 
consists of a piece of 1-in. pipe, about 6 ft. long, to which is attached 
a short piece of tapered pipe with a ^/4-in. opening in the end. A 
compressed-air hose and valve is attached to the other end of the 
6-ft. length. When compressed air is turned on, this device becomes 
an eflBcient means of barring down material that would otherwise 
*hang up/ The different classes of ores, such as heavy sulphide 
ore, limestone ore, and the silicious ores are kept in separate bins, 
as well as the by-products that are smelted in the blast-furnace. 

From the sampling works the material is conveyed to one of three 
parallel belts, which are supported on steel bridges about 20 ft. 
above a concrete floor (see Fig. 3). By means of Robins Conveying 
Belt Co.'s automatic trippers, a long narrow pile or bed is built 
up in successive layers. The tripper is a carriage astride of the con- 
veyor belt, through w^hich the belt passes. The direction of travel 
is determined by certain fixed brakes and traction wheels, which are 
reversed on reaching the end of the conveyor. In this way a con- 
tinuous stream of ore is spread on the floor below the traveling 
tripper. The receiving bins, containing known tonnages of material, 
of which the approximate analysis is already known, are in turn 
emptied on the bed. From the sample taken as the ore passes 
through the mill, the exact amount of each constituent of the charge 
is determined, and as tlie bod nears completion, such materials are 
added as are required to make it the self-fluxing mixture that is 
desired. 

Reclamation. — The reclamation of this bod of solf-fluxing material 
is accomplished by a device known as the reclaimer, which was 
especially designed for this work. It consists of a traveling steel 
bridge or framework, which spans the entire width of the bed, is 
mounted on car wheels, and rides on rails. Under the forward side 
of the bridge is suspended a scraper conveyor, operating on a * 
nearly horizontal steel bottom plate. The flights are inclined to 
the axis of the conveyor, and are provided with plough-shaped 
extensions, which craw on to the bottom y)late all material within 
reach, and carry it along to a conveyor paralleling the bed, and 
placed in a trench a little below the elevation of the floor of the 
bod. A triangular harrow covering the entire cross-section of the 
hod, and give^ an inclination of approximately the angle of repose 
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>f the material, is mounted on the front of the machine. The har- 
row is given a reciprocating motion cross-wise to a pile. This con- 
Limiousl y dislodges the material from all parts of the face of the bed, 
Buad causes it to roll down to the conveyor below, by which it is 
carried away as described. 

An electric motor operates the harrow and scraper conveyor, 
uvhile a smaller motor advances the machine into the pile at any 
desired rate, or runs it back to the end of the bed, where it is trans- 
ferred to the next bed by a transfer car. The thoroughly mixed 
charge then passes to the other belt conveyors, being elevated and 
finally discharged directly into narrow steel storage bins of 75 tons 
capacity above each blast-furnace. These bins feed steel pockets, 
containing about one ton each, which are partly emptied into the 
furnace, and partly on the feeding floor by the simple operation of 
a chute and deflecting gate. The coke is brought to the furnace 
in wheelbarrows. The whole system of conveying and reclaiming is 
controlled by a series of signals so that each operator of any part 
is notified when to commence operations or of any stopping or over- 
load, thus unifying the whole system. 

Advantages. — ^Among the advantages due to this method of mix- 
ing and delivering the furnace charge the reduction of the cost of 
smelting is the most important. This reduction of cost is two-fold 
and may be divided into mechanical cost and metallurgical cost. 
The mechanical cost has been reduced by the elimination, so far as 
possible, of manual labor, and its replacement by the use of the 
mechanical devices described. The metallurgical reduction is due 
to the uniformity in the chemical composition and physical character 
of the charp:e, and to advance information on these subjects. 

It is evident that a given amount of ore will not often make an 
oven number of layers on the bed, and, therefore, there will be an 
overlapping of layers. When the bed is completed it contains about 
9000 tons or about 40,000 lb. per linear foot. With each overlap, 
roughly 50 lb. per foot has been added, and the result is that any 
])articular foot may receive 1/800 more or less of a certain flux or 
ore? than some other foot. This overlap will not constantly occur 
at any one place in the bed, but will be compensating. It will apply 
to all of the different materials added to the bed and the final out- 
come will be only infinitesimal variations in the analysis of any 
transverse section of the bed. The thorough mixing of the charge 
by the reclaiming machine is self-evident. Its advance into the 
bed is approximately an inch per minute, so that only a small 
quantity is being taken from every part of the cross-section. The 
inclination of the harrow being adjustable, makes it possible to set 
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it at an ang'le so that material being agitated by it will roll down 
troin every part of the pile and be combined on the bottom plate. 

Because of the elimination of variations in the composition of the 
fharge. it is possible i<\ operate thr fnrn;ice willi n Inw factor of 




safetj-. In ufai'ly every iithi.T nicthiiil of L-harf;ing there is a constant 
variation in conditions; that is, at one time the slag being pro- 
duced is more acid, and at another more basie than desired. Due 
to this eonfilant chanfre. it beeonies neecsMary not only to add fluxes 
to eonnteract thfye ditferenees and restore e{|iiilibriniii, but to use 



an escosaive amtmrit of culte. hihI ihc outcome is that coata increase. 
With this curi'tiil mistnrp ut' i4iarjic, howi-ver. the analysis of the 
olitHinfd eaii l>e prinlicted with extreme aeniirney. With a 
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Sreji mixture the alag will show little variation from day to day,^ 

1 the costs are brought down to a minimum. Other eonditionftl 

t equal, accretions can in part be traced more or less directly* 

t ynriatiDu in the composition of the charge. 
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To summarize, with an exact knowledge of the composition and 
physical character of the furnace charge it has been possible to in- 
crease the speed of smelting, to reduce excessive accretions in the 
furnace, to reduce the amount of costly fluxes, coke, and air-blast 
required, and it has been possible also to increase the percentage 
of fine in the charge. 

Boaster Bedding Plant. — A system somewhat similar to that in 
use for the blast-furnace charge has recently been installed by the 
Stephens-Adamson Manufacturing Co. for handling the concentrate 
that is roasted, and then sent to the reverberatory furnaces. The 
concentrate is emptied from the standard railroad cars that come 
from the mill into especially designed bins. From the bins it is 
transported by belt conveyors to a bridge below which a bed is 
formed by a traveling tripper. The reclamation of the bedded con- 
centrate is accomplished by means of a transverse belt conveyor, 
mounted upon a movable carriage. The roaster charge is then 
shoveled upon this transverse belt, which discharges into a longi- 
tudinal belt, and is conveyed to the roaster bins where it is fed to 
the roasters as required. 



THE WEDGE MECHANICAL FUBNACE 

By L. S. Austin 
(December 28, 1912.) 

The Wedge calcining furnace, of the same general type as the 
McDougall and Herreshoff, has been before the public for some 
years, and its general appearance is familar to metallurgists. It 
differs from the Herreshoff principally in having a large central 
shaft. The furnace is built in sizes from 12 to 22^/^ ft. diameter, 
and with three or more hearths and dryer hearth. It may be ar- 
ranged with a fire-box or not, according to the nature of the ore 
to be roasted. Fig. 5 is a seven and Fig. 6 a five-hearth furnace, the 
latter having a fire-box. 

The ore is fed at the periphery of the furnace upon the top or 
dryer-hearth, and is mechanically rabbled across it, entering the 
upper hearth at the centre of the furnace. By thus utilizing the top 
of the furnace for drying and pre-heating, the entering ore begins 
burning on the upper hearth almost at once, and need not wait until 
dried out. In fact, the heat used in drying out an ore containing 
7% moisture may be computed as equivalent to raising the tem- 
perature of the dried-out ore to 250°C., at which a self-burning sul- 
phide will begin to ignite. 
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The central shaft is 4 to 5 ft. diam., and ia linpd outside with fire- 
tile, so tiiat it is not so hot inside but that workmen may enter at 
any time and renuive the breech-block of aiiy arm that is worn out. 
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fforkmen on the outside withdraw the arm through one of the 
tors and insert a new one, Ihe men inside again replacing the 
»ech-block. Each arm, whether air or water-cooled, has its own 
tapply Bnd discharge-pipe, and hunce independent regulation and 
placement. The weight of the central shaft and attachments is 
t borne on a step, but on roller-bearinga. 

i fnmace is built with flat firebrick hearths, since accretions 
i more easily removed from the flat hard surface, which is better 
hpted for uniform rabbling. Fig. 6, the fire-box funiacc. has an 
temsl fireplace, so that it can be used for a dead roast or for a 
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dllondiziDf! ur salphatizine roast. Thv pasntrrs ur drop-holes. 1 
froni hearth lu h<?anii are left iif «iu|tl>- iirrji. so ihat tb« velocity of I 
the upvrard-iiastin^ Kss^'s is lew. and heu<-<- li-ss dust is carried away J 
liv thi- air i-iimiils. 




THE HERR£SHOFP ROASTING FURNACE 

iNovemlwr t. I^13-i 
Id Ihe n^w sinelliug [ilaiits of Ibe -irizi>na (.'oiiiier Co., at Clifton, | 
and the (.'aluinet & Arizona Copper Co.. at Douglas. Ari 
roasting of concentrate preparatory' to smelting in reverberatory , 
furnaces is done in 6-hearlh Ik-rreshoff roasters. As the Ilerres- 
hoff in its origrinal form was a moditication of the McDoii^ail 
roaster to tnept the conditions re(|iitreil in the roasting of pyrite to 
yield SO, for the mannfacliire of sulphuric acid, its use in copper 
smelting practice is of great interest. Eight 21Vw-ft, roasters bave 
been built for the Arizona Copper Co. and 1:^ of Ihe same size at the 
Calumet & Arizona plant. The most notable features of these are: 
the use of air-cooled rabbles; the return of the air thus heated to 
the lowest hearth, thereby increasing the thermal efficiency of the 
roaster and allowing the roasting, without the use of fuel, of eon- 
e» ' 'f lower in sulphur than is the usual practice; and the use 
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of rabbles so designed that a single casting will operate in any posi- 
tion on the rabble arm, thus doing away with the necessity for 
keeping a variety of teeth in stock. 

The accompanying illustration, Fig. 7, shows the construction 




Fio, 7. The Hi 



of the furnace. The -niter sb(01 is iiuidc of -'/^-m. steel plate three 
courscK high, the outer ciianieter bi'ing '21 It. l\/^ in. The horizontal 
seams are 3-in. lap, riveted with ■]i-'m. rivets, with 5-in. pitch. The 
vertical seams are butt joint, triple riveted, with butt-plates, 5/16 
by IGiA in., inside and out. This shell is 1!) ft, 5 in. high and is lined 
with 8-in. fire brick. There are six su[.erim posed hearths, the top of 
the furnace being also used as a drying hearth. Each hearth is 
made of a single arch of 6 or 8-in. fire brick (as shown in illustra- 
tion), the spring of the arch being 10'/i> in. The hearths for outside 
discharge hiive 54 openings. 18 by 14 iu. each, around the periphery; 
those with inside discharge have an 8-ft. diameter circular opening 
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at the centre. The central opening on the other hearths is merely 
large enough to permit rotation of the central shaft, which is 42 in. 
diameter. Each hearth is provided with six doors on the outside, 
except the topmost, which has but four. Each door is 24 by 16 in. 
and is fitted so as to make a tight joint. 

The central shaft is made in three sections, each approximately 
6 ft. long. These are fastened together with tongue-and-groove 
joints, and bolt heads and nuts are protected by pockets which can 
be filled with refractory material. The rabble arms are similarly 
connected with the central shaft. Within the shaft is an 18-in. 
steel tube, bolted to nozzle outlets at each arm. Air under pressure 
is forced through this tube, passes to the outer end of the rabble 
arm, and back to the central shaft. The rabble arms are connected 
in parallel so that each arm receives its due quota of cool air. The 
central web which causes the air to pass to the end of the arm be- 
fore returning also greatly adds to the strength of the arm. The 
heated air is taken off at the top and brought back through channels 
in the outside walls to the lower hearth. The heat which it has ab- 
sorbed is thus transferred to the lowest hearth and by decreasing 
the cooling effect of the air admitted for combustion allows the 
roasting without extraneous heat of material much lower in 
sulphur than would otherwise be the case. On the other hand, ma- 
terial with a given sulphur content will yield more heat and will 
therefore roast faster than without heat conservation. The rabble 
teeth are so cast that the lug at the top which fits against the arm 
is at different distances from the centre line on the right and left 
side. When a uniform series of teeth are placed upon the rabble 
arm this causes each tooth to assume a different angle, according 
to its distance from the centre, and the increased work which the 
inner teeth have to do is thus automatically compensated. The 
outermost rabble is kept in place by a single drop-pin. This is of 
special design to provide for the feed from the hearth above, as 
shown. 

The ore is fed upon the upper drying hearth from hoppers. Just 
beneath each hopper is a steel plate and the ore is caused to feed by 
a rotating finger which passes between the hopper and the plate. 
The ore thus drawn out falls upon the top of the furnace, and is 
worked to the periphery by a set of rabbles. These are simply 
dropped into place on the rabble arm and can be removed or put in 
place without stopping the furnace, thus permitting easy changes 
in the rate of feed. This is also controlled by cast iron sleeves at 
the end of the feed hoppers. By raising or lowering these, the rate 
of feed may be altered as desired. The dry ore passes down to the 
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first hearth through a series of hoppers at the outer edge which are 
provided with adjustable plugs to prevent the escape of gases. 
The space between the top of the furnace and the central shaft is 
closed with a sand seal, while on the lower hearths the calcine 
serves as a seal. The gases escape from the furnace through two 
exits, having a combined area of 18.8 sq. ft. The flues which convey 
the gases to the stack are so arranged that the flue-dust is automatic- 
ally returned to the lower hearth, thus eliminating the labor cost 
of handling flue dust. The rabble arms are driven at one revolution 
per minute by a 72-in. bevel gear. The pulleys and gearing are so 
mounted on an A-frame that they can be removed for repairs with- 
out disturbing the rest of the furnace. The equipment for the 
roasters at these two plants was furnished by the Pacific Foundry 
Co., and they were erected under the supervision of C. H. Bepath 
and A. G. MacGregor, who designed the plants. 

The largest installation of ITerreshoff roasters now at work is at 
the Edgewater, New Jersey, plant of the General Chemical Co., 
where ei^teen 16-ft. furnaces are at work roasting Spanish pyrite 
for the production of SOj for acid manufacture. The operating 
conditions are scarcely comparable with the roasting of copper con- 
centrate, since in this case it is necessary to secure a gas high in SOo 
and a calcine low in sulphur rather than the larger tonnage desired 
in copper-smelting practice. Thus a 16-ft. roaster handles only 5 
to 6 tons per day, reducing the sulphur content from 46% to ^%. 
The ore is crushed to pass 4 mesh before roasting, and the calcine 
is briquetted for use in iron smelting. Operating under these con- 
ditions, it has been found that only one arm has broken in the pasl 
six months with 18 roasters in use. A crew of six men per shift 
is sufficient for this number of furnaces, including the wheeling 
of the pyrite from the storage bins to the feed hoppers of the fur- 
naces. Broken rabbles can be replaced in a few minutes, but in the 
case of a broken rabble-arm a delay of 4 to 7 days is the result, since 
it is necessary to allow the furnace to cool slowly to the tempera- 
ture at which a man can enter to loosen the bolts. Some experi- 
ments have been made in the developing of a detachable arm, but it 
has been found that delays from the breaking of rabble-arms are so 
infrequent that the advantage thus gained is practically neutralized 
by the increase. in construction cost and the difficulty of obtaining 
an air-tight joint. The total cost of upkeep on these roasters as 
used at Edgewater, amounts to 10c. per ton roasted. This amount 
may be expected to vary with the quality of gas, the temperature, 
tonnage, time of year, and other factors. 
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INCREASING BOASTER EFFICIENCY AT GREAT FALLS 

By Frank R. Corwin and Seu>kn S. Rcmmjkrs 

I. iNTROULXTION. 

•Since McDougall roasters were first constructed at the Great 
Falls smelter of the Anaconda Copper Mining Co., their capacity 
has been more than doubled. During the first decade the tonnage 
treated remained practically unchanged. Experimental work car- 
ried out in 1906 showed that increasing the draft would increase 
the capacity. In 1909 the roasters were connected to the new flue 
system, and the stronger draft increased the capacity. The change 
in draft conditions made it necessary to operate differently, and 
systematic experimental work was started to adapt the furnaces 
to the new conditions. This extended over several years, and re- 
sulted in largely increasing the capacity, decreasing the percentage 
of flue dust, and in bringing about other changes and improvements 
tending to raise the efficiency of the McDougall roasters, with a 
corresponding reduction in operating expenses, without building 
any new roasters or enlarging the old ones. 

The first McDougall roaster at Great Falls was started on June 
15, 1898. It had eight hearths, was lined with fire brick, and had 
an air-cooled central shaft, but no provision was made for cool- 
ing the rabble arms, which became distorted. To draw the heated 
gases away from the hearths a pipe was connected to alternate 
hearths and to the flue. Dampers were provided so that the gases 
could be drawn from any of the hearths. 

This first furnace not proving altogether a success, it was re- 
constructed as the Evans-Klepetko type, having 6 hearths and 
water-cooled central shaft and rabble arms. Except for a few 
minor changes, such as substituting solid arms for the water- 
cooled arms on the first hearth, the removal of the branch pipes 
inside of the rabble arms to distribute the cooling water, and 
changes in design of the rakes, rake frames, and rabble arms, they 
still remain essentially the same as when built in 1899. 

The composition of the concentrate when the roasters were first 
started was approximately as follows: Cu, 13.3%: SiO._., 24.2%; 
Fe, 25.6% ; A1,0,, 4.6% : Zn, 0.9% ; S, 30.0%. 

When first built, the McDougall furnaces had a rated capacity 
of 40 tons of wet concentrate containing about 35% sulf)hur, roasted 
down to 7% sulphur, per furnace day. In practice, however, the 



♦Abstract of a paper presented before the Amer. Inst. Mln. Eng., August 
191.^ 
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CH|>acity of the furnaces averaged 35 tons of cupriferous material 
per furnace day. The first experimental work was carried out by 
J. H. Klepinger to detf^rmine whether an increase in the draft 
would increase the capacity. A No, 8 Sturtevant exhauster was 
connected to the top of the furnace, as shown in the accompanying 
sketch, (Fig. 8), the gas being discharged into the main McDongall 
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eross flue. When the exhauster was in use the slides in the regular 
draft necks were closed. When for any reason the exhauster was 
stopped these slides were drawn out, allowing the funiace to operate 
under natural draft. Several tests were made on No. 2 furnace, 
first working under natural draft, and later with the exhauster in 
operation. During the tests a careful record was kept of the weight 
of material charged to the furnace, samples were taken of the 
concentrate charged and calcine produced, and observations taken 

Summary of Data from Tests on No. 3 McDougall Furvace * 
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1 JuM 


Jii» 


«'.1'J. 1 .S.|lt5V 


CoDcentrate per 24 hr. wet weight, tons 


30.SS2 

28.19 
35.4 
S.3 

"SGT 
9,380 


42.885 

7.4 
39,71 
35.8 
11.6 

"557 
8.910 


39,803 

6.9 
37.06 
37.0 

S.8 

1,450 

51« 

11,570 


43.014 

G.9 
40.05 
37,4 

9.G 

1,454 

512 

11,160 


45.858 


Concentrate per 24 hr. dry weigbt, tons 

Snlpbur in conceotrate charged, per cent... 

Sulphur in calcine produced, per cent 

Speed of eihauater, r. p. m 


42.61 
38,1 
11.5 
1.503 











■Test No. 3 baa been dt&carded. 
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to determine the draft, and the temperature and volume of the dis- 
charged gases. A brief summary of part of the principal data ob- 
tained, taken from Mr. Klepinger's report, is tabulated herewith. 

Increasing the tonnage of concentrate treated from 30.38 to 42.88 
tons on natural draft increased the percentage of sulphur in the 
calcine from 5.3 to 11.6%, whereas with induced draft (in Test No. 
5) 43.01 tons of concentrate was treated and calcine assaying 9.6% 
sulphur was obtained. An idea of the amount by which the capacity 
was increased was obtained by comparing the work of McDougall 
furnace No. 2 in Tost No. 5 with the average work of all the others 
during the same period. It should be noted that furnace No. 2 
was treating concentrate only, whereas the feed in the other 
furnaces, as was the regular practice at that time, was 92.6% con- 
centrate (wet weight), 4.8% first-class ore screenings, 1.0% of 
tailing, and 1.6% dried slime. There would, therefore, probably 
be a slight advantage in favor of the test furnace. 



ATerace. 


No. 2 Fnmaoe. 


AmMiorall 

Otiwr rurutwi. 




(Induced Draft.) 


(Nftturel Draft.) 


aterial treated, wet weight, tons per 24 hr 

aterial treated, drv weieht. tons oer 24 hr 


43 
40 
10.5 
37.4 
9.6 


33.8 
31.5 


}pper in calcine, per cent 

ilphur in concentrate, per cent 

ilphur in calcine, per cent 


9.9 

37.9 

9.0 



According to this above comparison the induced draft caused 
a 27% increase in capacity and a 22% increase in amount of gas dis- 
charged. 

In June, 1909, the new stack and flue system having been finished, 
the McDougall furnaces were started under the increased draft. 
The draft in inches of water at the McDougall dust chamber was 
0.255 in. with the old flue system and 0.9 in. with the new. At the 
flue necks from McDougall furnaces to cross flue, it was 0.139 in. 
with the old and 0.93 in. with the new. The first effect of the 
stronger draft was to put out all the furnaces. The amount of heat 
generated by the oxidation of the sulphur remained practically un- 
changed ; whereas, more air was drawn through the furnaces, more 
heat lost in the escaping gases, and consequently the furnaces became 
cold and went out. As the foremen and furnacemen became familiar 
with operating the furnaces under the new conditions, the feed was 
gradually increased and more use made of the available draft. The 
increased capacity predicted by Mr. Klepinger's experimental work 
was more than realized, as is shown by the following figures, taken 
Tionthly smelter reports : 
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Data on McDougM Department from Monthly Smelter Reports 
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August, 1908 . . 
September, 1908 
October. 1908.. 
November, 1908 

December, 1908 
January, 1909 . 
February, 1909. 
March, 1909 . . . 
April, 1909.... 
May, 1909 



Average . . . 

July, 1909 

August, 1909.. 
September, 1909 
October, 1909.. 
November, 1909 
December, 1909 
January. 1910.. 
February. 1910. 
March, 1910... 
April, 1910.... 



Average 



28.7 
43.4 
41.4 
36.2 

37.8 
33.1 
35.4 
35.1 
34.3 
3.33 



35.9 
49.7 
40.8 
41.6 
40.2 
37.3 
Smelt 
49.1 
51.9 
40.5 
44.8 



44.0 
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0.1 
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0.1 



0.1 
0.2 



0.1 
0.9 
0.3 

0.1 



0.1 



0.2 

0.7* 
2.1 
2.4 
2.0 
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0.1 



0.1 
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0.01 



28.7 
43.6 
42.4 
36.5 

38.2 
33.1 
35.4 
35.2 
34.5 
33.3 



0.032 
0.046 
0.045 
0.039 

0.041 
0.036 
0.038 
0.038 
0.037 
0.036 



0.8 



0.5 
0.4 

• • • 

0.3 
0.2 
nt of 
0.& 
1.7 
2.3 
1.2 



36.1 
50.2 
41.9 
43.8 
42.9 
39.5 
railro 
49.6 
53.6 
42.8 
47.2 



0.039 
0.053 
0.046 
0.047 
0.046 
0.042 
ad strike 
0.053 
0.057 
0.046 
0.050 



0.8 



45.7 



0.049 



9.1 
9.1 
8.9 

7.7 

8.1 
8.8 
8.2 
8.4 
9.2 
9.1 



8.7 
9.7 
8.6 
8.3 
8.2 
7.7 

8.2 

8.7 
7.6 
7.9 



8.3 



The new smelter stack and flue system had thus brought about 
an increase in capacity from 36.1 tons to 45.7 tons per furnace day. 
Treating more than 50 tons per furnace day, however, increased 
the sulphur in the calcine an undesirable amount and caused the 
furnaces to crust up heavily. It was hoped that by a systematic 
study of the conditions these difficulties could be overcome. A test 
was carried out under the direction of Arthur Crowfoot, May 3 to 7, 
1910. Pour furnaces were selected for the test work. No. 1 and 3 
operating:: as a unit and No. 18 and 19 operating as a unit. The 
essential differences between the two units were as follows: 

1. The central drop hole connectinfj the third hearth with the 
fourth hearth in furnaces 1 and 3 measured approximately 20 in. 
from the shaft to the edge of the drop-hole, while in furnaces 18 
and 19 this opening measured approximately 14 inches. 

2. The rabble arms in furnaces 1 and 3 made one revolution in 
50 seconds, while the rabble arms in furnaces 18 and 19 made one 
revolution in 37 seconds. 

A fractional part of the total data obtained from the test is 
tabulated below. 
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Tannage Test on McDaugdU Furnaces 

(A). Average results obtained from No. 1 and 3 Furnace Unit 



Dat^oTTnt, 1910. 



Nominal tons wet conct. to be fed per 24 br. 

Total tonn wet conct. fed per 24 br 

Actual rate of feed, tons per 24 br , 

Ifoiirs furnace in operation , 

flours furnace down 

I'f.r cent of 24 hr. furnace down 

Oraft reading on flue necks, incbes water. 

Concentrate Fed. 

Moisture, per cent 

Cu, i$4:r cent 

H, r^r cent 

Calcine Produced. 

(Utf jtt;r c^nt 

H, tier cent 



Maf 


Mar 


Maf 


Maf 


3. 


4. 


5. 


6. 


55 


60 


65 


70 


52.72 


59.05 


64.54 


69.17 


58.80 


66.13 


71.85 


80.18 


21.51 


21.30 


21.71 


20.70 


2.49 
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(B). Average results obtained from No. 18 and 19 Furnace Unit 



N^milnal tons wet conct. to be fed per 24 hr. 

T/HLal tons wet conct. fed per 24 hr 

Acttial rate of feed, tons per 24 hr 

Hours furna<;e In operation 

Hours furnace down 

t'f.r c^nt of 24 hr. furnac^e down 

Iiraft rfadluK on flue necks, inches water... 

('on cent rate Fed. 

Molsturii, per cent 

( In, jHtr cent 

H, i>er cent 

(/alclne Produced. 

(*u, per cent 

H, |Hir cent 



55 


60 


65 


70 


52.45 


58.31 


60.91 


59.41 


64.20 


72.72 


71.40 


74.16 


19.58 


19.24 


20.49 


19.25 


4.42 


4.76 


3.51 


4.75 


18.42 


19.83 


14.60 


19.79 


1.16 


1.09 


1.09 


1.12 


8.4 


6.6 


6.6 


7.1 


6.40 


8.10 


8.25 


8.65 


32.8 


33.4 


34.8 


35.0 


10.35 


9.65 


9.85 


9.95 


8.4 


7.8 


8.8 


9.6 



75 

63.01 
79.84 
18.92 

5.08 
21.17 

1.16 

7.1 

8.0 

35.4 

10.1 
10.4 



Till! nioHl inti'n'Hlinjf fact clearly brought out by this test was that 
\i\i'rt*JiH\uu th<- f<*<*<l to lh(» furnaces did not increase the percentage 
of Miilphiir in the cah^ine as nmch as expected. The test showed that 
on increHNJnu the feed of concentrate more sulphur was burned per 
ininulo and iM*r munin^ foot of hearth area, and the furnaces ran 
nmch hoti<T. In fact, the main difficulties experienced were on 
account <if too liipfli a temperature bein^ developed. The heat 
Ki*n<*rated cauaed the dro[)-holes to b(»come built up, and heavy 
fU'cretiouH to form on the roofs. 

The 18-10 furnace unit with the 14-in. third hearth central drop 
loHt on an avera^^e about 1% more time than the 1-3 furnace unit 
with the larjrer thinl hearth central drop-hole. The reason for this 
WHM that the smaller hole, on account of the higher velocity of the 
KHKCH and the concentration of heat at this point, caused heavy 
acorotions to build uj) on the roof. Practically all of the additional 
time lost by the 18- If) furinu*e unit was due to barring accretions 
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from the roof of the third hearth. The observations showed that 
in treating high tonnages, increased speed was advantageous, for 
the reason that it kept shallower beds on the furnace hearths, and 
there was less banking up of material in front of the rabble arms. 

The data obtained from this test outlined the way for future 
work. It was necessary to have the furuaees run cooler, which 
eould be accomplished either by draw^mg more air through the 
furnaces, and consequently discharging more heat in the waste gases, 
or else by decreasing the sulphur content of the feed. Also, for 
treating high tonnages, the test indicated that the larger size of 
drop-hole and increased rate of speed were in all probability desira- 
ble. 

John A. Church, Jr., was then detailed to make a special investi- 
gation and acting on the information obtained from Mr. Crowfoot's 
test, furnace No. 19 was operated on a high tonnage, but the fuel 
value of the feed was lowered by mixing screenings and limestone 
with the concentrate. The feed treated was made up of 20 tons of 
concentrate and 6 tons of foreign material per shift. By * foreign 
material' is meant any constituent of the feed lower in fuel value 
than the concentrate, such as slime or first-class ore screenings. 
Shifts are all 8 hr. The furnace had a small third hearth drop-hole, 
measuring 14 in. from the shaft to the edge of the drop-hole, and 
ran at high speed, the rabble arms making one revolution in 38 sec. 
The draft was regulated by dampers in the flue necks, and by closing 
all doors except one on the sixth hearth. The furnace handled the 
20 tons of concentrate per shift satisfactorily and the foreign mater- 
ial mixed with the concentrate kept the temperature of the furnace 
from becoming too high. It was found, however, that the work of 
keeping the roof clean above the third hearth drop-hole was exces- 
sive for normal running. On May 17, furnace No. 18 was equipped 
with an enlarged third hearth drop-hole and started for parallel 
comparison with furnace No. 19. Both furnaces had two of the six 
(Irop-holes covered on the second hearth, and two closed on the 
fourth hearth. Two doors were left open on the sixth hearth. 

A few days of operation showed that No. 18 ran considerably 
cooler and crusted up less than No. 19. Also No. 18 would not 
take as large a tonnage of foreign material without becoming too 
cold. Although by means of feeding foreign material along with 
the concentrate the temperature of No. 19 furnace as a whole eould 
be maintained at about the right point, yet on account of the concen- 
tration of heat at the third hearth drop-hole and the high velocity 
of the gases at this point, the work of keeping the roof above the 
third hearth clean still continued to be excessive. 
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WhiJiT i'.\\\HX%\\\v, the third hearth drop-hole of a furnace greatly 
\^'A\\i^M \.\w. work of kecpiiif^ the furnace clean, it also has the unde- 
%\Th\Afii ^jff^jct of niak'nif^ the cahdne run higher in sulphur. A year 
or two \hU\v a rneauH wuh found of retaining the smaller drop-hole, 
und yet avoiding exeeHKJve inerusting on the third hearth roof. Two 
extra drop-holes were ent in the third hearth close to the edge of 
the centre drop-hole. The inner rakes on the third hearth rabble 
iirrrm were set ho as to push the material away from the centre, and 
therefore all niateriul passing from the third to the fourth hearths 
wiiH foreed to pasH through the two extra drop-holes. This meant 
dropping a large bulk of material four times in every revolution of 
the eentral Hlinfl, iuHtead of having the material showering down 
ecMitinuouHly over the edge of the centre drop-hole. It reduced the 
iitiiount of ineruHting on the third hearth roof and localized what 
ineruNtatiouN formed over the extra drop-holes, making the work 
inueli easier for the furnaeenien. The 14-in. centre drop-hole com- 
bined with the twt) extra drop-holes is the present practice for the 
third hearth. It is mentioned here because^ although during the 
work in the spring of IJUO to increase the tonnage per furnace it 
was found that the UO-in. was an improvement over the 14-in. third 
lu»arth dn>p-hoK\ later work as noted above, has made it desirable 
to again ehange baek to the smaller drop-hole. 

NVhih* No V^ was down for repairs and to have the drop-hole en- 
larged, observations were kept up on No. 18. Alore doors were 
grad\udlv opened on the sixth hearth until tinally the furnace was 
nui with all four of the sixth hearth doors open. (The doors on the 
upper hearths are always kept elosed exeept when they must be 
o|HMhHl for eloaniug, or pidling lumps out of the furnace.) The 
opening of eaeh s\ieot*ssive door brought about an improvement in 
the eondition of the furnaee, showing that prt»viously not enough 
o\\gen had been suppUtHl. Similarly, the dam|vrs in the flue necks 
wer\* opoutHl wider, impr\»ving the work of the furnaee. until in time 
the full available vlraft of the lateral t!ue was being used, about 
I - in. of water 

The ehief dittioultit*s e\poriene^\l with No. IS were due to the 
^eus^iiiveiH^ss of the turnaeo. i^hauires in the i|uality of the feed. 
^rrviTiJar fet;\liitg v^t torv'ii:i; runterial. and other adverse eondilions 
\^ou*vl v^tttu v*vvl :ho tv.niAv'o too tar. luvessitating the tise of the 
.»:* :v.Aoh.:ie tv^ rx^stv^r. a t; ^r:!*.rtl working tc tv.jvraturv. The rirst im- 
vrv\t*rv,vr: *:* !v.,-i::'.:a:t*.:vi: :h^:' tv.ruavv a: a steady reai^vmiure was 
v.^jio*?;: ?\ v'lvVst'::^ or^* avi^i::*^*uaI <^xv::vl hearth drv^r-hole- This made 
tbsrttf *»^.vud ?.-*Ar:h v:r»'v-ho*«;'s vrl-.vs*\: :u a". A: rr^^r :t w;is (hought 
t^ji: :!t-.' ^:>/rvjLs»;vl jir^o .:: : .^: h a: oV:.a r.-v. V> arvrvasin* the s^fN>nd 
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earth drop-hole area was due to increasing the frietional resistance 
o the passage of gas through the furnace, allowing less air to enter 
he furnace and less heat to be carried away in the waste gases. 
The improvement which had been made in the work of the furnace, 
tiowever, by opening more doors on the sixth hearth and opening 
wide the dampers in the flue necks, showed that this was not the 
ease. The drop-hole area on the second hearth, even with three 
drop-holes covered, was large enough not to throttle to any apprecia- 
ble extent the gases traveling through the furnace. The effect, 
therefore, of closing one extra drop-hole was to concentrate the 
ascending hot gases, which had previously been passing through four 
drop-holes, into three, thus intensifying the heat at these three 
points. Near the outer edge of the second hearth is where the con- 
centrate should first begin to burn, and a certain temperature is re- 
quired for its ignition. As No. 18 had a tendency to run cold, 
closing an extra second hearth drop-hole, therefore, benefited the 
furnace by helping to secure proper ignition for the incoming con- 
centrate. Decreasing the second hearth drop-hole area probably 
also helped by lessening the amount of heat lost by radiation from 
the third hearth. 

Another improvement made in maintaining furnace No. 18 at a 
good working temperature was increasing the amount of concen- 
trate fed. The feed of concentrate was raised first to 22 and later to 
24 tons per shift. With the higher tonnage the furnace developed 
more heat and it was found advisable to remove one of the second 
hearth drop-hole covers, again returning to the condition of four 
open and two closed. On June 2, No. 19 was again started, the third 
hearth drop-hole having been enlarged to 20 in. The furnace was 
operated in every respect similar to No. 18. It was found that for 
some unexplained reason No. 19 normally ran hotter than No. 18, 
and as the tonnage of concentrate fed was increased to 24 tons per 
shift it was found that No. 19 ran best with all of the second hearth 
drop-holes uncovered. No. 18 throughout the testing work was 
found to give the best results with two of these drop-holes covered. 
It will be seen, therefore, that the proper second hearth drop-hole 
area is a variable quantity, depending on the temperature conditions 
of a furnace, quantity of feed treated, and so on. 

On June 17 it was decided to run furnace No. 22 against No. 18 
and 19 to determine the relative advantage of high and low speed, 
all other conditions being the same. Accordingly a course of brick 
was knocked out around the third hearth drop-hole of No. 22, and 
instructions were given to gradually raise the tonnage of concen- 
trate to 24 tons per shift. No. 18 and 19 continued to revolve once 
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in 38 sec. and No. 22 was left unchanged at one revolution in 53 sec. 
The operation of all three furnaces during about a 10-day period 
showed that the high speed furnaces gave less trouble from material 
banking up in front of the arms and in general produced calcine 
assaying lower in sulphur. A discussion of the relative advantages 
of high-speed, from the report of Mr. Church, is presented herewith. 

For high tonnages the increased speed gave better results, in 
that the depth of bed on the hearths was kept lower and there was 
less tendency for the feed to bank up in front of the arms. Every 
revolution of the central shaft moves a constant amount of material 
at any one point on the hearth over a radial distance equal to the 
width of two furrows. If the speed is increased and the depth of bed 
remains constant, every revolution moves the same amount of mater- 
ial the same distance as before, but in a given time the greater 
number of revolutions will move a greater tonnage. If, however, 
the speed is increased and the tonnage remains constant, every 
revolution will move a less quantity of material than before, that is, 
the depth of bed will be reduced. 

Increasing the speed means not only a decrease in the depth of 
bed, but also means that the bed is stirred more frequently. Every 
passage of a rabble arm, by stirring the bed, presents a freshly 
exposed surface to the action of the oxygen-bearing gases. The 
best speed ik that which exposes a fresh surface just as rapid oxida- 
tion of the sulphur is beginning to die on the old surface. The time 
required for this rapid oxidation of the surface to cease varies with 
the character of the material, the amount of oxygen in the gases, the 
temperature of the bed, temperature of the gases, and many other 
factors. In general, however, it may be said that the period during 
which the surface of the bed undergoes rapid oxidation is shorter 
for the fifth and sixth hearths than for the third and fourth hearths. 
Up to the point at which a surface is buried while still undergoing 
rapid oxidation of its sulphur, increasing the speed tends to increase 
the rate of elimination of sulphur. 

On the third floor, the speed of one revolution in 38 sec. un- 
doubtedly made the stirring too rapid. On the fourth floor obser- 
vations indicated that the increased speed was probably about 
right, while for the fifth and sixth hearths a still higher speed might 
have been used to advantage. 

The effect on the roaster department, as the improved methods 

of operation developed from the experimental work were gradually 

applied to the regular daily work of the furnaces, is shown by the 

-^ tabulated below. These figures are taken from the monthlv 

reports. 
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Average Tonnage Treated per Furnace Day 
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Before the experimental work was started, the reasons for not 
treating more than about 14 tons of concentrate per furnace per 
shift were that increasing the tonnage raised the percentage of sul- 
phur in the calcine, caused the furnaces to become too hot, espe- 
cially locally on the roof above the 14-in. third hearth drop-hole, and 
made the furnaces crust up heavily, necessitating an excessive 
amount of cleaning. The problem of treating an increased tonnage 
therefore involved the following factors : 

(a). Supplying sufficient oxygen and stirring the hearths fre- 
quently enough to burn the increased amount of sulphur. 

(6). Regulating the heat from the increased amount of sulphur 
burned per square foot of hearth area so that the furnaces would 
not become too hot. 

{c). Regulating the drop-hole area so as to avoid too great a 
concentration of heat and too high a velocity of the gases through 
the drop-holes, thus preventing the furnaces from building up too 
heavy incrustations, particularly on the roof above the third hearth 
centre drop-hole. 

The specific changes made, through which the treating of higher 
tonnages became possible, were as follows: 

(a). The furnaces were operated under the full available draft 
(about 1.1 in. of water), with no dampers in the flue necks and 
with four doors open on the sixth hearth, so as to draw enough air 
through the furnace to supply the necessary amount of oxygen. 

(ft). The speed of revolution of the central shafts was increased 
from one revolution in 53 sec. to one in 45 sec. on the first battery 
(four furnaces) and to one revolution in 38 see. on all the other 
batteries (18) furnaces. This increase of speed had two effects: 

1. It permitted an increase in tonnage without increase in the 
depth of bed, thus helping the furnaces mechanically. 

2. It stirred the beds more frequently and aided in the ? 
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rapid oxidation of sulphur by bringing the sulphur into contact 
with sufficient oxygen. In a given time, to obtain the same degree 
of calcination, a furnace treating a higher tonnage has to eliminate 
a larger quantity of sulphur. 

(f). First-class ore screenings and limestone were mixed and 
fed with the increased tonnage of concentrate to reduce and regu- 
late the temperature of the furnaces. 

(d). The area of the third hearth centre drop-hole was increased. 
This reduced the amount of heat which had formerly been concen- 
trated at this point and decreased the velocity of gases through 
this opening, resulting in permitting the use of a higher tonnage 
without an excessive amount of crusting on the third hearth roof. 

(e). The second hearth drop-hole area was regulated so as to 
obtain sufficient heat at the edge of the second hearth to ignite the 
incoming concentrate. 

A short time later it became desirable to increase the roaster out- 
put to supply the feed for an additional reverberatory furnace. The 
furnaces were already handling practically the entire output of 
fine concentrate, and it was necessary to treat a larger amount of 
first-class ore screenings, of which a sufficient supply could be ob- 
tained. 

In the previous work, the ore screenings had been used as a cool- 
ing agent to keep down the temperature of the furnaces. The prob- 
lem now, instead of running the McDougalls so as to treat the 
best possible tonnage of concentrate, using screenings only as a 
cooling agent, was to treat the largest possible tonnage of screenings 
by utilizing the available heat in the most efficient way. The means 
used were as follows: 

1. Operation of the furnaces on a high tonnage of concentrate. 

2. Proper regulation of the second hearth drop-hole area. 

3. Withdrawal of limestone from the feed, its place being taken 
by screenings. 

1. Screenings being low in fuel value and having a cooling eflfect, 
as previously stated, it was necessary to keep the furnace a^ hot as 
possible. Increasing the feed of concentrate meant burning more 
pounds of sulphur per square foot of hearth area per minute and 
developing more heat. The concentrate feed to each individual fur- 
nace was therefore maintained as high as possible without unduly 
raising the percentage of sulphur in the calcine. 

2. In order to secure proper ignition for the feed, the second 
h drop-hole area was regulated so as to obtain as high a tem 

at the outer edge of the second hearth as possible without 
throttling of the draft. 



1 
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3. Limestone having no fuel value, it was found that its place 
could be taken by a greater quantity of screenings, the screenings 
carrying an average of from 18 to 20% sulphur. The construction 
of the McDougall furnaces was therefore changed so that on two 
furnaces in each battery limestone could be fed directly to the 
outer edge of the sixth hearth. All the limestone treated was fed 
to the sixth hearth of these furnaces. 

In addition to the possibility of treating a larger tonnage of 
screenings, there were a number of other advantages in favor of 
this arrangement. One advantage was that the amount of lime- 
stone mixed in with the calcine was not limited by the temperature 
conditions of the furnaces, for feeding limestone directly to the 
edge of the sixth hearth had very little cooling effect. Another ad- 
vantage was that its removal from the main body of the furnace 
lessened the danger of breaking rakes by the wedging of large 
fragments under the blades. Furthermore, there had been no ad- 
vantage in sending the limestone through the furnaces. As the 
temperature in the furnaces was not great enough to burn lime- 
stone to lime, it underwent no chemical changes. By sending it 
directly to the outer edge of the sixth hearth it was warmed as 
much as if it had passed entirely through the furnaces and was 
nearly as well mixed with the calcine. 

A test to determine the maximum percentage of screenings which 
could be treated was started in December 1910. The results are 
of unusual interest as showing the wide range in sulphur content 
of the material which can be successfully roasted in a McDougall 
furnace. 

At the time of starting the test, about 8820 lb. of screenings could 
be treated per furnace per shift, mixed with about 50,000 lb. of con- 
centrate. The ratio was therefore about 25 tons of concentrate 
(wet weight) to 4.41 tons of screenings per shift, or 85% of con- 
centrate to 15% of screenings. The screenings were fed intermit- 
tently during a shift, and, as they always had a cooling effect, they 
were used only when the furnaces were running hot. This led the 
fumacemen to believe that the continuous treatment of screenings 
alone would be impossible, and in carrying out the test it was neces- 
sary to increase the percentage of screenings by slow degrees. The 
successful solution of the problem depended on keeping the furnace 
sufficiently hot. Furnace No. 16 was used for the test work, and 
whenever necessary the temperature of the furnace was raised by 
means of either or both compressed air or coal and oil. 

The advantage of compressed air in keeping a McDougall fur- 
nace hot was discovered by noticing the effect produced by air 
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blown into the furnace through an oil machine after the oil in the 
machine had been exhausted. It was observe dthat the jet of air 
on the fourth hearth caused more rapid oxidation of the sulphur, 
developing more heat and increasing the temperature of the fur- 
nace. The increase in rapidity of the oxidation was caused by the 
air impinging on the hearth, bringing the calcine into intimate 
contact with fresh oxygon. 

In the test to determine the maximum percentage of ore screen- 
ings which could be used in the feed to a McDougall furnace, 
furnace No. 16 was first equipped for compressed air with three 
i/4-in. pipes inserted through the observation holes of the fourth 
hearth doors. It was found that air blown through these pipes 
aided greatly in increasing the temperature of the furnace, and 
many times when the furnace showed signs of becoming cold a re- 
covery was effected by means of compressed air without the use of 
oil or coal. One disadvantage, however,, was that there was an 
increased amount of incrusting on the rabble arms, due to sparks 
produced by the air blowing on the bed. A large amount of this 
incrusting was done away with, and better results obtained from 
the air, by replacing the Vi-in- pipes by %-in. pipes. This change 
made it possible to slightly decrease the velocity of the air entering 
the furnace, at the same time increasing the volume. Thus the 
amount of sparking was reduced and the hearth area affected by 
the air increased. 

A further improvement was made in the method of introducing 
the compressed air into the furnace before the completion of the 
test. On the fourth hearth, three %-in. pipes each 4V1> ft. long were 
inserted through holes drilled in the shell and brickwork of the 
furnace. These pipes were run toward the centre of the furnace 
along the fourth hearth roof, leaving just enough room for the 
rabble arms to pass beneath them. Just outside of the shell of the 
furnace the pipes were each connected to a rubber hose delivering 
compressed air from the converter air main. Inside of the furnace 
the pipes each had two series of ^/4-in. holes drilled in them, ex- 
tending from the brick wall of the furnace to the ends of the pipes. 
The holes were drilled IMi ^^- apart, and the two series were each 
% in. apart, directing the air at nearly right angles down on the 
bed. These pipes caused the compressed air to affect a large area 
of the bed, and because the air was directed against the bed at 
nearly right angles, sparking was practical ly eliminated. Pipes 
were also used to introduce air to the fifth hearth, the arrange- 
being exactly the same as for the fourth. It should be re- 
here that, although the ecpiipment described above was 
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)und highly satisfactory during the short period of the test, it 
ould not be suitable as a permanent installation, for the reason 
bat the pipes are liable to become bent by the heat and interfere 
rith the arms, and also because they make it difficult to clean the 
oofs of the hearths where they are placed. 

The experiment was also tried of blowing air in on the third 
learth, but the results were unsatisfactory. The temperature of 
:be third hearth is too variable, and unless the air is blown against 
I hot bed it does not increase the rate of oxidation of the sulphur, 
[laving dimply a cooling effect. 

As the percentage of ore screenings in the feed to No. 16 was 
increased, the furnace could not be kept hot enough by the use of 
air only, and it became necessary to use a small amount of slack 
?oal. This coal was fed through a different hopper from the screen- 
ings and concentrate, a fairly even feed being obtained by poking 
the coal through the hopper a little at a time and allowing it to 
mix with the screenings and concentrate on the first hearth. When- 
ever the furnace received a slight set-back, oil was also used to keep 
it hot, the oil being blown in on the fourth hearth in the usual 
manner. 

On night shift of February 7, 1911, ore screenings alone were 
first treated in the furnace and from then until Feb. 12, the fur- 
aace was maintained on this feed. Coal and air were used continu- 
Dusly to keep the furnace hot, and oil when necessary. The ore 
screenings contain only 17.4% S as compared with the 33.4% S of 
the concentrate. 

Record of McDougall Furnace No. 16 During Test on Treatment 

of Ore Screenings 
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On the completion of the test to determine the maximum percent- 
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H^jo of ore sereenmgs, experimental work was again resumed on in- 
creasing the tonnage. McDougall furnace No. 16, which had just 
been used on the screenings test, was used also for the tonnage test. 
The object in view was to treat in this furnace the highest tonnage 
consistent with good calcination. As already stated, this furnace 
was equipped with pipes for blowing air on the beds of the fourth 
and fifth hearths. In the screenings test the air had been used to 
increase the rate of oxidation, in order to increase the temperature 
of the furnace. In the high tonnage test compressed air was used 
to increase the rate of oxidation, but not to make the furnace run 
hotter. With the high tonnage of concentrate, and therefore the 
large amount of sulphur burned per square foot of hearth area, 
the furnace ran so hot that it was always necessary to feed screen- 
ings along with the concentrate to cool the furnace and prevent 
the material on the third hearth from fusing. The object of in- 
creasing the rate of oxidation was not, therefore, to raise the tem- 
perature of the furnace, but to improve the degree of calcination. 
The speed of revolution of the central shaft was not changed, re- 
nuiining at one revolution in 38 seconds. 

The high-tonnage test was from Feb. 13 to Mar. 3, 1911. The 
maximum tonnage treated in any one 24-hr. period, 105.08 tons, 
was i)ut through the furnace on Feb. 23.^ Below is given a record 
of the furnace for the three shifts of Feb. 23: 



Record of McDougall Furnace No. 16, Feb. 23, 1913 



Shirt 



Tons Material 
Charged. 



I 

I 

c 



I>ay i 32.48 

Afternoon 32.14 

Night i 32.47 

Total 24 hr... i 97.09 



S 

i 
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o 
H 



Percent of Feed. 



Fuel. 



i 
I 



i 



1.60 I 34.08 

3.16 I 35.30 

3.23 35.70 

7.99 I 105.08 



95.31 
91.05 
90.95 



a 

I 



-a 

o 
U 



-a 

C9 



X 

CO 

1 



4.69 
8.95 
9.05 



• • • 



12.2 
13.1 
11.6 



Although it was found that on some days around 100 tons per 
24 hr. could be treated, producing calcine assaying about 11.5% 
•ulphur, the test showed that this could not be done continuously 
on account of trouble with the driving machinery. Sometimes 
the feed would become so heavy on the first hearth that the ma- 
ohinery would refuse to carry it, and it would be necessary to rab- 
ble the material by hand upon the second hearth. Breakages of the 
' machinery were of frequent occurrence, necessitating shut- 
repairs. During these shut-downs the furnace would lose 
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not only the tonnage which would have been treated had it been 
possible to continue the running of the furnace, but also, on ac- 
count of the cooling off of the furnace during the shut-down, it 
would lose tonnage on account of the necessity of reducing the 
feed on starting up, until again reaching a normal working tem- 
perature. 

The heavy load on the driving machinery was the result of increas- 
ing the tonnage treated without increasing the speed of revolution 
of the central shaft. As explained earlier, increased tonnage with 
constant speed means deeper beds on all the hearths. The test 
showed that with the central shaft making one revolution in 38 sec. 
100 tons per 24 hr. could not be treated continuously in the furnace, 
on account of overloading the driving machinery. Increasing the 
speed of the central shaft was not tried and migh,t or might not 
have caused too frequent stirring of the bed. Whether or not this 
tonnage could have been treated successfully by means of increased 
speed is still an open question. 

The experimental work was undertaken to reduce the percentage 
of the flue dust made. The flue dust produced by a McDougall fur- 
nace is caused by the material dropping from hearth to hearth 
through the rising current of gases. With a strong draft small 
particles of partly roasted concentrate are. picked up by the gases 
and carried along into the flue. Similarly, on the lower floors the 
incrustations around drop-holes are the result of the material fall- 
ing through the rising gases. Small particles of calcine are picked 
up by the draft, and as during the fall through the gases they 
undergo very rapid oxidation and become partly fused, when they 
are thrown up against the roof they stick there, forming accretions. 
The experimental work to reduce the amount of flue dust was there- 
fore based on eliminating the fall of material through the upward 
current of gases. 

The first tests were made with the method invented and patented 
by Repath and Marcy. This method provides drop-holes for the pas- 
sage of the material from hearth to hearth, which are sealed by the 
material itself against the gases, and also provides separate pas- 
sageways from hearth to hearth for the gases. A furnace fulfilling 
these requirements was designed and furnace No. 17 was remodeled 
to conform with the design. This furnace will be referred to as the 
Repath-Marcy furnace. The construction of the furnace is shown 
in the accompanying sketch. Fig. 9. 

The Repath-Marcy furnace was started March 15, 1911. At first 
there were i number of mechanical difficulties encountered which 
interfered with the regular discharge of the material from hearth 
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to hearth. At times the drop-holes would allow the material to run 
through too fast and would become open for the passage of gases. 
At other times they would not allow the material to pass through 
fast enough and would become choked. Another difficulty met 
with was the excessive loss of heat by radiation from the gas pas- 
sageways. The furnace was therefore shut down after a few days 
running, the defects in the drop-hole construction were remedied, 
and the gas passageways lined with brick. On starting up again 
after making these changes, with the furnace running satisfactorily 
mechanically and as nearly as possible in accordance with the ideas 
of the designers, it was found impossible to operate the furnace 
without the use of coal and oil. Different conditions of tonnage 
and draft were tried, but the result was always the same: The 
furnace would not run without fuel. Even when the fourth hearth 
was kept hot with coal and oil the calcine produced contained 18 
to 20% sulphur. The test showed, therefore, that the furnace as 
first constructed was not a success. 

From the above it will be seen that the furnace was unsatisfac- 
tory on account of its reduced power to eliminate sulphur. Not 
enough sulphur was burned to either keep the furnace hot or pro- 
duce desirable calcine. The reason for the low elimination of sul- 
phur was that one of the principal means of oxidizing the sulphur 
in the Evans-Kleptko type of McDougall furnace — namely, the 
showering down of material through the rising current of hot 
oxygen-bearing gases — had been removed without anything else 
being substituted to take its place. In the regular type of Mc- 
Dougall furnace a large amount of sulphur is burned and a con- 
siderable proportion of the total heat is generated during the fall 
of material from hearth to hearth. During the fall, each particle 
is exposed on all sides to the action of oxygen and oxidation goes 
on much more rapidly than when the particle is lying on the sur- 
face of the hearth. Eliminating this fall therefore reduces the 
amount of flue dust made by the furnace at the expense of oxidizing 
power. 

To make sure, however, that the reduced amount of oxidization 
was not caused by an insufficient amount of air being drawn through 
the furnace, a test was carried out under the direction of Mr. 
Crowfoot to determine the relative amount of gas being disckarged 
by the Repath-Marcy furnace in comparison with two of the 
regular McDougall furnaces. No. 18 and 1. The test showed that 
there was about 87% as much gas by weight being discharged from 
the Repath-Marcy furnace as from furnace No. 18, and about 
81% as much as from furnace No. 1. The lesser amount of gas 
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was probably caused by a greater frictional resistance to the pas- 
sage of air through the furnace in comparison with the regular 
McDougall type. The gas passageways, after being lined with 
brick, had a smaller area than the drop-holes in the ordinary Mc- 
Dougall furnace. Also, the path of the gases through the Repath- 
Marcy furnace was longer. Inasmuch, however, as the Repath- 
Marcy furnace was treating less than two-thirds as much material 
as the other furnaces, it was evident that sufficient oxygen was be- 
ing drawn through the furnace for the tonnage treated, and that the 
decrease in power to oxidize sulphur was caused by eliminating 
the fall of material from hearth to hearth through the rising current 
of hot gases. 

Observations on the McDougall furnaces had tended to show that 
most of the dust carried into the tlue was produced in the fall 
through the centre drop-hole from the first hearth to the second, 
and that a few of the sparks formed in the fall through the side 
drop-holes from the second hearth to the third were also carried 
into the flue. The test work having indicated that, as then con- 
structed, a certain amount of showering down of material through 
the rising gases was necessary in order to obtain a good elimination 
of sulphur, it was decided to modify the design of the Repath- 
Marcy furnace. The furnace was accordingly shut down and the 
following changes made : Between the fourth and fifth, and the fifth 
and sixth hearths the sealed drop-holes and separate gas passage- 
ways were eliminated, and the construction was changed back to 
that of the regular McDougall furnace, allowing the material 
traveling from the fourth to the fifth and the fifth to the sixth 
hearths to fall through the rising current of gases as before. Also, 
pipes were installed to blow compressed air on the foirrth and fifth 
hearths, the equipment being exactly the same as was used in the 
test to roast screenings alone. 

After the above changes had been made there was no trouble ex- 
perienced in running the furnaiv on a feed not exceeding 20 tons 
per shift, although to maintain the furnace at a working tempera- 
ture it was necessary to use compressed air continuously. When- 
ever the air was shut off for a while a cooling action would soon be 
observed on the third hearth, and in 2^^ to 3 hr. the calcine would 
run high in sulphur. Also, it was found impossible to increase the 
feed over 20 tons per shift without cooling the furnace and pro- 
ducing high sulphur calcine. The furnace was operated in this way 
for about a month (from May IG to June 15, 1911), treating on an 
average 18 tons of concentrate, wet weight, per shift and produc- 
ing calcine averaging 7.8% sulphur. 
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^B During thi- regular opeiatJOD of this fiiriiu(!e it was desired to 
BSptnpure it with th« Evans-Klepctko typt: of MeDougall furnace, 
Hfal determine wlirthtr or not any improvement had been made in re- 
^ dnciiig the aniuimt nf Hue dual produfed. The test figures showed 
titat the modiHed Hopath-Marcy fnrniu-e as constructed at the 
Great Falls smelter made flue dust amonnting to 10% as compared 
to 17. 6^^ for the Evans-Klepetko type. But the furnace as ar- 
ranged hud a much reduced capacity and could not be operated 
witltout the continuous use of compressed air, and it was not 
thought advisable to adopt this type of furnace for regular work. 

It shinild be remarked in passing that the figures for Hue dust 
given include all uf the Hue dust actually passing out of the fur- 
naces. Part of this dust settles in the MeDougall cross Hues, and 
from there passes through hoppers and chutes to the calcine hop- 
pers below. Part settles in the main MeDougall flue and is drawn 
off into cars by the calcine trammers. Practically all of the re- 
mainder is recovered in the uptake and crosstake flues and the main 
dust chamber. Although the MeDougall furnaces produce a large 
amount of due dust, therefore, a considerable proportion of the 
dtist is recovered at about the same cost as is involved in haudliiig 
calcine. 

kA new test was then started on a furnace equipped for dust pre- 
ation designed by George S. Crouse. This furnace was similar to 
e modified Repath-Marcy furnace in that it was arranged to carry 
tlie material from the first hearth to the second and from the second 
to the third without dropping it through the rising gases, but the 
naethod of doing this was entirely different. In the Repath-Marey 
furnace drop-holes were provided for the descending material and 
separate gaa passageways for the rising gases. In the Crouse fur- 
nace the gases traveled upward through the drop-holes exactly 
tile same as in the Evans-Klepetko type of MeDougall furnace, 
{'onceutrate passing from the first to the second hearth was dis- 
charged through an extra drop-hole, which, by an ingenious ar- 
rangement, was sealed against the rising gases only during the 
brief period when material was falling through it. From the second 
to the third hearth the concentrate fell through the regidar side 
drop-holes, these drop-holes being open for the rising gases except 
when concentrate was being discharged through them. 

A brief description of the equipment of the Crouse furnace is as 
follows: The extra first hearth drop-hole measured 7 by 8 inches in 
plan and was placed about 4 in. from the edge of the regular centre 
drop-hole. All the rakes on the first hearth rabble arms pushed the 
concentrate toward the centre of the furnace except the two inner 
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rakes, one on each arm. These rakes pushed the material away 
from the centre. The concentrate, therfore, instead of showering 
continuously over the edge of the first hearth centre drop-hole, as 
in the regular type of McDougall furnace, was forced to pass 
through the extra 7 by 8 in. drop-hole, falling twice in every com- 
plete revolution of the central shaft. The rabble arms on the first, 
second, and third hearths were built so as to be always in line one 
above the other. On the second hearth rabble arms, toward the 
centre of the furnace, were attached two vessels open at the 
top and bottom, extending from the bed of the second hearth up 
to nearly flush with the roof.' When one of the first hearth rabble 
arms would be dropping concentrate through the extra 7 by 8 in. 
drop-hole, the receiving vessel on one of the second hearth rabble 
arms would be directly below the drop-hole, sealing it against the 
rising gases. Similarly, a receiving vessel was attached near the 
outer end of each of the third hearth rabble arms, sealing the regu- 
lar second hearth side drop-holes while material was falling through 
them. 

In dropping the material from the third to the fourth hearth, 
two extra drop-holes were used. This drop-hole construction for the 
third hearth was referred to earlier in this report in connection with 
the question of enlarging the third hearth centre drop-hole from 
14 to 20 in. The extra third hearth drop-holes were not peculiar 
to the Grouse furnace, being in use in several of the other fur- 
naces at that time. They were not at any time sealed against 
the rising gases, but by dropping a large bulk of material four 
times in every revolution of the central shaft, instead of having it 
showering continuously over the edges of the centre drop-hole, the 
amount of incrustation formed on the third hearth roof w^as greatly 
reduced. Also, the incrustations formed were easier to remove, 
because they were localized over the two extra drop-holes. These 
holes permitted the use of a 14-in. third hearth centre drop-hole. 

One further feature in the equipment of the Crouse furnace was 
the use of * spark catchers' on the ends of the fourth hearth rabble 
arms. These * spark catchers' were plates extending horizontally 
before and behind the ends of the arms. The object of the plates 
was to catch the sparks formed while the rabble arms were pushing 
material through the fourth hearth side drop-holes, thus prevent- 
ing the building up of incrustations on the roofs. The plates could 
be cleaned through one door, and could be cleaned more easily than 
the roof above the drop-holes. The drop-hole arrangement and 
general equipment of the Crouse furnace is shown in the two ac- 
companying sketches, A and B of Fig. 10. 
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The Grouse furnace, then, eliminated the dropping of concentrate 
through the rising gases between the first and second and the second 
and third hearths without providing any separate gas passageways. 
One result of this was that the Grouse furnace was much more com- 
pact than the modified Repath-Marcy furnace. At this point it may 
be remarked that the dropping of material through the rising gas 
current may be eliminated between the first and second and the 
second and third hearths with much less injury to the capacity of 
the furnace than would be produced by eliminating this drop be- 
tween the lower hearths. For example, in falling through the ris- 
ing gases from the first to the second hearth, the concentrate may be 
dried and heated to a certain extent, but no sulphur is eliminated 
and no heat generated. In dropping through the gas current be- 
tween the lower floors, a certain amount of sulphur is eliminated 
from the calcine and heat is evolved. Dispensing with this drop 
between the lower floors would therefore not only raise the per- 
centage of sulphur in the calcine, but would also take away part 
of the means on which the furnace depends for the supply of heat 
to keep it running. In a furnace where the heat is all produced 
from the oxidation of the sulphur without the help of any outside 
fuel, any factor tending to cut down the total amount of heat pro- 
duced is a serious detriment to the furnace. 

McDougall furnace No. 3 was remodeled to conform with Mr. 
Grouse's design, and was first started on Dec. 18, 1911. From the 
very beginning this furnace demonstrated that it would run satis- 
factorily without the use of coal, oil, or compressed air and would 
produce calcine assaying the same percentaj^e in sulphur as the 
average of the other furnaces, although at first it was necessary to 
feed it a slightly lower tonnage than the average of the other fur- 
naces. A number of minor changes were made in the equipment 
from time to time, such as rebuilding the second hearth drop-holes 
to make them come down more nearly to the tops of the receiv- 
ing vessels on the third hearth rabble arms, and adding two exten- 
sions to the third hearth receiving vessels. In general, these 
changes were designed to seal the drop-holes more securely against 
the ascending gases during the period of the falling of the material 
from hearth to hearth. 

The first test to compare the Grouse furnace with one of the 
regular McDougall furnaces as to the relative amounts of flue dust 
produced, was carried out in April, 1912. The results of this test 
showed that the Grouse furnace was producing considerably less 
flue dust, but at the expense of a certain reduction in calcining 
capacity. With both furnaces being fed practically the same ton- 
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nage of concentrate, 64.5 tons, wet weight, per 24 hr., the Grouse 
furnace produced calcine assaying 14.2% sulphur, as against 
10.5% in the calcine from the regular McDougall furnace. Tem- 
perature readings taken to compare the Grouse furnace with the 
regular McDougall furnaces gave the following results : 

Temperature in °F. on Hearths of McDougalls. 



Hearth 


Hearth 


Hearth 


Hearth 


Hearth 


Hearth 


No. 1. 


No. 2. 


No. 3. 


No. 4. 


No. 5. 


No. 6. 


Average of six regular 












McDougaU furnaces . . 429 


1,017 


1,142 


1,216 


1,162 


1.106 


Grouse furuace 560 


880 


960 


1,100 


1.135 


1,150 



Prom the above figures it will be seen that the Grouse furnace ran 
considerably cooler than the regular furnaces, as would be inferred 
from the fact that in the comparative test, treating the same feed 
as the regular furnace with which it was compared, the Grouse 
furnace produced calcine higher in sulphur; that is, it burned a 
lesser amount of sulphur per minute and per square foot of hearth 
area. 

As a result of this test the Grouse furnace was shut down 
and the following changes were made : 

Centre drop-hole increased in size from 11 to 14 in. from shaft to 
edge of drop-hole. Side drop-holes enlarged by chipping out brick 
between edge of drop-holes and shell of furnace to approximately 
12 by 15 by 21.5 in. Gentre drop-hole rebuilt, making edge of 14 in. 
from shaft, and two extra calcine drop-holes 6 by 7 in. Side drop- 
holes enlarged from approximately 5 by 9 by 20 in. to approximately 
10 by 12.5 by 25 in. Brick chipped out between edge of drop-hole 
and shell of furnace. 

These changes increased the drop-hole area, making it possible 
for a larger volume of air to be drawn through the furnace. Also, 
the increase was made as far as possible by chipping out the brick 
between the outer edges of the side drop-holes and the shell of the 
furnace, thus increasing the drop-hole area with as little reduction 
in hearth area as possible. In the regular McDougall furnaces 
the standard size of drop-hole for the second and fourth hearths is 
5 by 9 by 24 in. In comparison with the regular McDougall fur- 
naces, therefore, the Grouse furnace, after the above changes had 
been made, had a larger second and fourth hearth drop-hole area. 

When the Grouse furnace was again started it was found that the 
changes in construction had brought about a considerable increase 
in calcining capacity, and that it would handle satisfactorily as 
large a tonnage as the average of the other furnaces. A comparative 
test was made between the Grouse funiacc and McDougall furnace 
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No. 1, lasting for eight days during the period from May 21 to May 
29, 1912. Data obtained from this test are tabulated below : 

Summary of Test Data. - 

Test peHod : 12 m.. May 24, to 9 a. m.. May 29, 1912. 

Grouse 

Furnace Furnace. 

Average. No. 1. (No. 3.) 

Concentrate treated per 24 hr. (wet weight), tons 67.157 68.493 

Moisture in concentrate treated, 7c 8-^ "^-^ 

Concentrate treated per 24 hr. (dry weight), tons 61.78 63.079 

Olcine produced per 24 hr.. tons 39.372 42.706 

Sulphur in calcine, 7c 10-3 9-6 

Total products, excluding flue dust, per 24 hr., tons 40.531 44.334 

Dry weight of feed recovered in above products, 7c 65.6 70.3 

Copper fed recovered in above products, 7c 78.6 87.0 

Sulphur fed eliminated from above products, 7e 81.3 81.2 

Calculated. 

Flue dust per 24 hr.. lb 21,049 13,422 

Flue dust per dry ton fed, lb 341 213 

Fluo dust, per cent of dry weight of charge 17.0 10.7 

From the above figures it will be seen that the Grouse furnace as 
finally const met cd was a complete success. It had a slightly greater 
ealoininvr eai>aeity than the regular furnace with which it was com- 
pannl, and was a big improvement over the regular furnace in that 
it converted a larger percentage of the feed into furnace products 
and nuulc less thie dust. Enlarging the drop-hole area on the regu- 
lar furnace to correspond with the drop-hole area of the Grouse 
Turnncc might or might not have given the regular furnace a slightly 
wrcnttT calcining capacity, but the Grouse furnace would still have 
had the big advantage in its favor of making less flue dust. It 
nuiy aiNo be remarked here that although on account of the rebuild- 
ing of the amcltcr, and possible changes in the McDougall plant 
tln» old McDougall furnat*es have not been remodeled to conform 
with the Grouse tiesign, the original Gnuise furnace. No. 3, has con- 
llnufMl in Mucccssful operation up to the present date. 

Mchongall furnace No. 18, with which the modified R^path- 
Marcy f\irnacc was compared, in the test figures shows a greater cal- 
elnlutf capacity than McOougall furnace No. 1, with which the 
GrouNo furnace was compared. These two McDougall furnaces, 
No. IH and 1. arc exactly similar in construction, and with the 
wann^ cluiracti»r t»f feed have practically equal calcining capacities. 
A eluuiMfc In the grade of contvntrate between the dates of the two 
tt^Ntu HcconntN for the largi»r tonnage treated by McDougall fur- 
^ Nn. IH. 

Mlpara lively ivcent change made in the construction of the 
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McDougall furnaces, which has tended to decrease the operating 
cost of the department, has been the substitution of reinforced cou- 
crete hearths in place of the old brick hearths. The brick hearths 
were 9 in. thick, 14 ft. 6 in. diameter, and were made of regular size 
bricks laid in regular courses. Due to the expansion and contrac- 
tion caused by changes in temperature when the furnaces were 
started and shut down, these bricks would often become loosened 
and would fall out around the drop-holes. Also, bricks would be- 
come loosened by barring heavy incrustations from the roofs, and 
holes would occasionally be formed in the hearths. The falling out 
of bricks from either of the two above-mentioned causes would de- 
crease the area of the hearths and would allow material to fall 
through to the hearth below before being sufficiently calcined. On 
this account furnaces would sometimes have to be shut down for re- 
pairs after running for only a few days. The heai:ths would gener- 
ally last a great deal longer than this, but it was never possible to 
tell when it would be necessary to close down for repairs. 

To avoid the above disadvantages of brick hearths, the substitu- 
tion of concrete hearths was suggested by Mr. Corwin. As an ex- 
periment, the third and fourth brick hearths were removed from 
McDougall furnace No. 6 and concrete hearths substituted in their 
place. The third hearth was selected because it undergoes probably 
the greatest variation in temperature during regular operation, 
and the fourth hearth because it is probably subjected to the great- 
est variation in temperature on starting up and shutting down the 
furnace. The material from which the concrete for the hearths was 
made was portland cement, 1 part; tailing, 2 parts; crushed slag, 
4 parts. 

The hearths were constructed by first building wooden forms in 
the furnace and then putting the concrete in on the forms. These 
hearths were 9 in. thick where they joined the shell of the furnace, 
decreasing to 6 in. in thickness near the centre shaft. The concrete 
was reinforced by two series of concentric iron rings tied together 
by radiating iron rods. One series of concentric rings and 
radiating rods was buried in the concrete about 1V1» in. above the 
bottom of the hearths, the other about l^j in. below the top. The 
inner one of the concentric iron rings in each series was made of VI'- 
in. iron rod, the two ends fastened together, and the outer rings of 
%-in. iron rod. The radiating iron rods were all ^/4-Jn. thickness, 
24 in each series. The method of reinforcing the concrete in shown 
in detail in Fig. 11. 

After putting in the third and fourth hearths of concrete, Mc- 
Dougall furnace No. 6 was started on July 24, 1912. In Novenlber 



the fumiice was shut down and the second and fifth hearths chauged 
from brick to concrete, the furnace being started again on Nov. 
23, 1912. From November, 1912, to May, 1913, the furnace has been 




Fia. 11.— Concrete Constbuction 



McDOUQALL PUBNACE. 



in continuous operation except for short shut-downs to repair the 
machinery, ete. The hearths are still in as good condition as at 
first, showing no cracks or wear of any kind. The heavy incrusta- 
tions that form on the roofs of the hearths are removed more easily, 
as they do not adhere as tightly to the smooth surface of the con- 
crete as to the rough surface of the brick hearths. The hearths 
ffive every appearance of being practically indestructible, and the 
lationi are that the McDougall furnaces, when constructed 
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throughout with concrete hearths will run practically independent 
uf masonry repairs. 

Some figures are given showing the reduction in labor required 
for operating the department. The figures on labor do not include 
foremen, trammers, oilers, samplers, and so on, as the number of 
men employed in such positions is practically independent of the 
capacity of the furnaces. The figures include only the occupations 
directly connected with the running of the furnaces where a de- 
crease in the number of furnaces in operation means a decrease in 
the number of men required. 

Number of days McDougall department in operation. 

Total tons cupriferous material treated during month 

Number of furnace days 

Average number of furnaces in operation per day. . . 

Tons cupriferous material treated per furnace day. . 

Average per cent S in calcines 

Partial List of Labor used in Operating the 
McDougall Department 

Total number of f urnacemen during month 

Average number of f urnacemen per 24 hr 

Average number of f urnacemen per 100 tons cuprif- 
erous material treated 

Total number of feeders during month 

Average number of feeders per 24 hr 

Average number of feeders per 100 tons cupriferous 

material treated 0.59 0.44 

Total number of laborers pulling lumps during 

month — 90 

Average number of laborers pulling lumps per 24 hr. 3 

Average number of laborers pulling lumps per 100 

tons cupriferous material treated 0.51 

From the above figures it will be seen that the McDougall depart- 
ment treated a larger tonnage of cupriferous material in April, 1913, 
with an average of 7.9 furnaces operating per day, than in April, 
1910, with an average of 12.9 furnaces operating per day. Due to 
the fewer furnaces running in April, 1913, there was a saving in 
labor over April, 1910, of three furnacemen per 24 hr., three laborers 
pulling lumps per 24 hr., and 5/6 feeder per 24 hour. 



1, 1910. 


April, 1913. 


30 


30 


,778.4 . 


18,369.4 


386.9 


238.4 


12.9 


7.95 


46.0 


77.1 


7.9 


8.9 


270 


180 


9 


6 


1.52 


0.93 


105 


80% 


S^j 


2% 



54 nECKXT rOlTEU rmeltixo 



SBIELTING IN SHAFT FURNACES AT GREAT ALTITUDES 

By ViNc'ENTE Pazos Y SAflO 
(July 26, 1913.) 

•The numerous failures made in Peru in attempting to smelt 
raw copper ores seem to result from a lack of knowledge of the be- 
havior of shaft furnaces at the great altitudes at which they are 
there generally worked. The following data, deduced from observa- 
tion and proved by numerical results, perhaps may be found useful 
by those who have to manage furnaces in such places. 

The solution of the following problem will give insight on the 
vital point. 

Problem. — What will be the temperature of a water-jacket furnace 
in Cerro de Pasco, where the atmospheric pressure is 8.75 lb. per 
sq. in.,* when the same furnace at sea-level (15 lb.) gives 1365"* 
Centigrade ? 

By the laws of combustion, 

C + O, = COo, developing 8100 calories (1) 

1 kg. + 11.56 kg. = 12.56 kg. 

or 1 kg. of carbon combining with the oxygen of 11.56 kg. of air 
gives 12.56 kg. of heated gases which produce 8100 kilogram-calories. 
Assuming that the coke contains 10% ash ; the carbon in each 
kilogram of fuel will be 0.9; and equation (1) will reduce to: 

+ 0. = CO, = 7290 kg-cal. (2) 

0.9 kg. +10.4 kg. = ll.:3 kg. 

If the above reaction did not produce heat, the volume of the 
gases at 0°C. and 76 cm. (15 lb.) pressure, would fill: 

KU -^ 1.3 = 8 cu.m. (3^ 

But the reaction generates a great quantity of heat, which it may be 
supposed raises the temperature to 1865° Centigrade. 

This temperature has been assumed because it gives an even ex- 
pansion of the gases, and it is near the minimum at which raw 
copper ore can be practically smelted. 

Since air at 8.75 lb. pressure is lighter than at 15 lb., and as the 
temperature depends on the relative weights of carbon and air com- 
bined in a given time, to burn 1 kg. of ash 10% coke, which 
at the coast requires 8 cu.m. of air, at Cerro will need at the same 
initial temperature: 

8 X (15 -^ 8.75) = 13.71 cu.m. (4) 



•Excerpt from the School of Mines Quarterly, July 191.^- 

iTbis is the pressure at the American smelter r '^ Pasco. 
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It is seen that if a furnace is designed to burn, at sea-level, a 
certain quantity of coke, to fit this to burn the same quantity at 
Cerro, the capacity of the blowers, air conduits, and the area of the 
tuyeres must be increased about 70%. If these changes are not made, 
but the blowers are only run faster, the blast-pressure will increase, 
introducing evils of which I will treat later, and at the same time the 
blowing engine will be forced to do a great deal of useless work, in- 
creasing leakage at a rate which wnll surprise men who have had 
no experience in operating furnaces at such high altitudes. 

The problem of the volume of air, which now looks so simple, was 
solved on a scientific basis about 30 years ago. Before this the 
greater number of those who tried smelting in the Cordilleras used 
too little, although some went to the other extreme and used too 
much air; but none could tell in a scientific way the amount that 
should be blown. As up to that time results of shaft-furnace smelt- 
ing had been unsatisfactory, it became an axiom that ** smelting in 
shaft furnaces is impossible in the high Cordilleras of Peru.'* En- 
gineers of almost all nations had tried it and failed. Percy, in the 
older editions of his * Metallurgy, ' treats of this subject. 

The question now arises, does the same amount of carbon burned 
in the same time at Cerro de Pasco afford the same temperature as at 
sea-level? If one cubic metre of the eight (equation 3) is taken, 
formed by the combustion of 1 kg. of 10'/^ ash coke, 

At 0°C. the gases will fill 1 cubic metres. 

.i 546° ** »* 3 

i. 13(550 ** ^< 6 

Thus the assumed temperature of the furnace expands the gases to 
six times their volume at 0° and 15 lb. pressure. 

If this is plotted (see Fig. 12) taking the origin of coordinates at 
O, which represents absolute zero, and making Oy, Ox, represent 
respectively the absolute volumes and pressures, then the point t,5 
can be made to represent the temperature 1365°C., since the line 
Ovi5 represents the absolute volume of 6 cu.m., and the line Op,., 
the absolute pressure of 15 lb. at sea-level. The suffixes of p, v, and 
t, in the diagram, represent the pressures in pounds to the inch, to 
which different pressures, volumes, and temperatures correspond. 
To find the relative values of temperature, pressure, and volume 
at any other point, pass a curve of expansion through the point t,-,. 

Since a furnace made for sea-level work can by increasing the 
volume of the blast, be made to bum the same quantity of coke at 
Cerro, the rate of burning is the same. As the heat of combustion 
inside a furnace continually replaces the heat spent, and as the num 
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her of heat units, no matter at what temperature, will always be 
constat t, the curve must be an isothermal, no matter how much the 
atmospheric pressure may vary. In other words, what is desired is to 
find the quantity of coke necessary to keep a fixed temperature of 
1365® at a pressure which varies from 15 to 8.75 pounds. 
An isothermal is an equilateral hyperbola 

p V = P V = constant. 

In this case P : 1 atmosphere = 15 lb. per square inch = 10,333 kg. 
per square metre. 

V = 6 cu.m., which is the starting volume at sea-level pressure 
and at 13G5*'C\ temperature. From the nature of the curve of ex- 
pansion, it is quite easy to find as many points as wanted. Since 
p v = PV, v = PV-:-p. 

The work done is represented in the diagram by the area bounded 

by the lines (t,j.. ..Vj^V (Vj^.. ..Vs.T.^), (v^.^... ..t^.^-)^ and (tg.,5 ti,), 

which represents a given volTime displaced by a certain varying 
pre88un\ From the nature of the curve, this area is the same as 

that enclosed by the lines (Ps-a Pu"^. (Pis 1,.), (ti., t^.Ts)- 

and (tn.jR P»TA^» which represents a varying volume displaced be- 
tween two pres8urt»s. 

Aa the first area is the more natural representation of the expan- 
aion ot the gases, between two given pressures, it can be evaluated by 
Hritluuotie. Of course, this valuation, although good enough for prac- 
tical p\irposes, is only a rough approximation, for the hyberbolic 
art* (t^^, . . .t,.T^^ i«* considertnl as a straight line. 

Tims I o\i,nK of the gases of combustion, in expanding from 15 
lb, to 8,7C* lb, prt\ssurt\ is found to have done 36,260.16 kg-m. of 
work. As tlu*rt^ were 8 cu.m. of gas (Eq. 3"^ formed in the combus- 
tion of I kg, of I0*v ash coke, the total for 1 kg. of coke will be. 

atKitUVIt* \ v< 2iHU\^1.12 kg-m. 

Am 4lI%^ kg m. I kc-eal., the loss of heat will be as follows: 

2^HUV^M2 : 425^682.54 kg-cal. 

If obmi^r work is wanttnl, then the tnie value for the curve has to 

W uiied. 

Tho <»ftl0HMU\v of the furnace at the tuyert^ rone, and under a pres- 
•Ur^ of ^^ \K U f^^UM^I to K^ 6l>* ; . tHjual to 1365^^ Centigrade. 

At tVviHV uiuler a prt^Mtr^^ of 8.75 lb., owing to the heat lost by 

thik 0\|^HU»it^»^ K^t the vran^v^ tht* same furnaiv, with the same weight 

Hf ^Wx wUloh ineann lK^'\ mor^^ volume blown in the same time, and 

Willi tW W^«^^^ weight of r^iel will give only 52.1 «v efficiency, equal 

K\ Thna thi> ^»rnavv s^t iVrrv^ has U>st about 13% calorific 

H \Hunimi\Hl with the s«iwh> funiaw at sea-leveK This is 
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Flo. 12. Pbkssube-Volume Diagram. 



ou the assumptiou that tlie air is perfectly dry. To obtaiu closer 
results, it will be necessary to make an approximation to bring the 
respective temperatures nearer to their true value. 

At sea-level, owing to the greater pressure and temperature, the 
air, especially in tropical latitudes, contains a quantity of water 
vapor which cannot be disregarded ; while on the high altitudes of 
the Andes, the low pressure and temperature make atmospheric 
moisture very small. At sea-level, the air will be blown at a mean 
temperature of 25°C., while at Cerro the mean will be 6°, varying 
during the day from 1 to 11°. Not taking into account the initial 
temperature of the air at the two places, one can estimate the mois- 
ture which, at the coast, has to be heated to the required tempera- 
ture of 1365° Centigrade. 
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It is computed th^lt the diminished pressure at Cerro is equivaleut 
to a lowering of 20° in temperature ; and the moisture in the air will 
correspond to that of -14°C., at 7(> cm. pressure. From Renault's 
tables it is found that at this temperature 1 kfr. air contains 1.7 gm. 
water vapor; then the water in the air re(juired to burn 1 kg:, of 
coke at Cerro will 17.68 gm.. or nearly 9% of that at the coast. 

Thus nearly 9 10 of the heat units used at sea-level, to heat the 
water of the air blown into the furnace, is saved at the higher atti- 
tudes. As the number of heat units at the coast was 112.7 kg-cal.. 
at (Vrro these will be reduced to only 10.1 kg-cal.. leaving 102.6 
which is saved, thus increasing the efficiency of the furnace. Allow- 
ing 2.6 calories for the heat necessary to bring the water vapor 
from 6*" to 25*", there will be. in round numbers. 100 calories at 
Cerro. The corrected efficiency will be 53^. j%. as compared with an 
efficiency of 60% at the coast. In other words, if the furnace at the 
(•oast smelts 100 tons per da.v. the same furnace at Cerro, under the 
bt«Ht conditions, will smelt oidy 89: for the fuel has lost 11% of its 
cnlorille capacity. At this temperature only copper ores that have 
be(»u roast t^l. autl of which the slags are very fusible, can be smelted. 

The next (|iu*stion is n^garding the effect of a high-pressure blast. 
Suppi>Ne that the blast is 2.19 lb., and assume this pressure is neces- 
miry to blow the requirtnl weight of air, 10.4 kg. (Eq. 2). 

If 1 eu.ui. of air at 8.75 lb. is taken and an outside pressure of 2.19 
lb. (li the atUH^spherie pressured applied, the cubic metre will be 
coniprcNSiMl \o 0.75 its original volume: this compression generates 
IumU, but as it is gradual, and as the bustle-pipe which connects a . 
blower \o a furnace is generally long, the heat generated by this 
eoiiiprimsion is lost through the thin iron shell of the pipe, and when 
the air reaches the furnace it has the same temperature as the sur- 
ronndinK atmi»sphere. When the air passes the tuyeres and expands 
a«ali». practically to atmospheric pr\*ssun\ for the ore column of the 
iMipper l*iirnaoes is so low that this factor can be disregarded, the 
/ik en. Ml, will not till its original volume. The heat lost in the 
iMMMprcNNiou has redu^vtl its elasticity. In onler to get 1 cu.m. in 
llin rMrnacc, one nu»st take I metn^ raistnl to the 1.4 power, and for 
lin.V volume V iusitle the furuHce, one requires r* •* fn>m the outside, 
MM e^prenNcd in the etpiatiou for adiabatie ex|>ansion, 

tilquatlou [ 1^ gives KlTl cu.uk of air mvessary to bum 1 kg. coke 

Mi Ci»rrn The presNure :M9 lb., whiv»h is ^4 the atmospheric pressure, 

will Mlve* HI !\ \ ^k \^^"^^ cu.m. air at an absolute pressure of 

jlMM lb KspMhdiutt back these 10 2v^ cu.m. fnnu a pressure of 10.94 

I Ml tVrro, 8 .^^ f pivvssurt^ of blast. 2.19^ to a pressure of 

^Imue required is U.7S cu.m. of air. 
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The work of the gases in this expansion is 29,181.3 kj?-m. ; and the 
heat units, 29,181.3 -r- 425 = 68.6 kg-cal., which makes the relative ef- 
ficiency 52.56%= 1195.5°C. Two pounds of blast additional at 
these high altitudes will lower the temperature of the furnace about 
20 degrees. 

At sea-level the furnace has given as sensible heat 4539.4 cal., some 
of which is lost in the escaping gases. If the gases escape at 500°. 
22.8% is wasted and 39.4% is utilized. Then it follows that 

2750.6 cal. vanished as radiation, etc 37.8% 

1662.8 cal. wasted in escaping gases 22.8 

2876.6 cal. avail, for melting (efficiency) 39.4 



7290.0 cal. 100.0 

To find how much ore this furnace will smelt, and to make the 
calculation simpler, suppose that only slag is produced. Assuming 
the average copper slag to melt at 1150°, requiring for this 316 cal., 
and 90 cal. more to fuse it, the slag at 1220°, which is the probable 
temperature in the crucible, will take up 419 cal. per kilogram ; but 
each kilogram produces around 43.4 cal. heat of formation. 

If X represents the number of kilograms of slag formed, then : 

43.4 x = heat of formation of x kg. of slag. 
2876.6 =heat available for making x kg. of slag. 
2876.6 + 43.4j: = heat at hand for formation of slag. 

419x = heat wanted for formation of slag. 
Equating: 

43.4j- -+- 2876.6 = 419a-, whence x =7.6 kg. slag formed. 

Smelting matte, the proportion of coke fo ore will be more ad- 
vantageous; and if the proportion is 3 of matte to 7 of slag, 1 kg. 
of coke will smelt 10 kg. of ore. 

Perhaps fhis treatment of the formation of the slag may be thought 
arbitrary by many readers: but a moment *s reflection wmII show that 
the slag and the gases of combustion cannot have the same tempera- 
ture. As soon as the slag, in this case, rises to 1150° and gets the 90 
cal. necessary for its liquation, it drops into the crucible, and what- 
ever excess of temperature it obtains above this is due to the trans- 
far of heat from a hotter to a cooler body. Prom the nature of the 
furnace, once the slag is in the crucible, the ratio of temperature 
between slag and hot gases must be more or less fixed, since the 
constant tapping of the slag does not give enough time for equalizing 
the temperatures. 

In estimating the efficiency of the furnace in the higher altitude, 
it may be assumed that the radiated heat is the same (37.8 per cent). 

In the course of this article it has been seen that 100 cal. is gained 
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by the furnace in the higher altitude, by saving the heating of the 
water vapor ; but there is a loss of 626.1 eal. due to the expansion of 
the gases; thus the net loss is 526.1 eal., or 7.2%. Keeping the same 
relation between the wasted and available heat, the heat distribu- 
tion is as follows : 

2750.6 eal. vanished as radiated heat 37.7% 

f>26,l eal. vanished in expanding gases 7.2 

1466.2 eal. lost in waste gases 20.1 

2544.2 eal. avail, for melting (efficiency) 34.9 



7287.1 99.9 

Erjuating as before : 

43.4x + 2544.2 = 419a;; whence x = 6.1 kg. slag. 

By roasting and careful fluxing, more fusible slags can be made, 
thereby increasing the output of the furnace; but this is expensive, 
and only rich ores can stand it. This is what is done by successful 
smelters ; the ores are carefully prepared before going into the fur- 
nace ; and to have a safe margin of heat, the quantity of coke, as well 
as of air blown in, is somewhat increased, for it is seen that the tem- 
IHiraiure of the furnace has fallen from 1365*" to 1215°, which is not 
sufficient for the regular operation of smelting copper ores. 

It would be tedious to enter further into these details, but the 
calculations are sufficient to show that, even with the necessary 
amount of air, smelting is much more difficult at the Andean altitudes 
than at sea-level ; and the man who at these altitudes wishes to work 
with open eyes must not forget the laws of the expansion of gases. 

To apply the same process of reasoning to pyritic smelting, assume 
an ore having 70.84% FcS and 29.16% SiO,. 

To make this case as nearly as possible like the one already 
examined (using coke), consider 1 kg. of fuel, which in this case is 
the ore itself, and suppose it is converted into slag. From the 
chemical equation, 

2PeS + 60 + SiO^ = (2FeO)SiO, + 2S0, 

From thermodynamics it can be deduced that a total of 931 eal. 
is available to run the furnace. 

In coke smelting, the furnace gave a certain distribution of heat, 
which will be more or less the same in pyritic smelting; this is: 

Per cent. Calories. 

37.8 vanishing heat 352 

22.8 wasted heat 212 

39.4 efficiency or melting capacity 367 

931 
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The slag of the equation will heat up and melt with an expendi- 
ture of 395 cal. per kilogram, and most likely, at the crucible of the 
furnace, will have consumed 406 cal. ; thus, 406 X 0.87 = 353 cal., 
is the heat necessary in this case to melt 0.8712 kg. As there are 367 
eal. in the furnace, there is an excess of heat above what is neces- 
sary to run the furnace. 

The heat produced is almost equally divided between the Fe which 
pives the solid product FeO, and the S, which gives the gaseous SOj. 
The necessary to bum these elements is 0.3864 kg., which repre- 
sents 1.288 kg. additional N, giving 1.6752 kg. of air, or 1.2886 
cubic metres. 

The principal data are now available to find the heat losses of 
this furnace working at Cerro de Pasco, at an atmospheric pressure 
of 8.75 lb. to the inch. The item lacking is the relative radiation 
between the two pressures; but as it cannot be had, its value will 
have to be approximated. 

The gases and the solid products of combustion, while gradually 
losing their temperature in doing the work of heating and melting 
the slags, will consume, as has been seen, 62.2% of the total heat, or 
577 cal. If the temperature to which this 577 cal. will raise its own 
products is computed, and the heat lost by the gases in expanding 
from 15 lb. to 8.75 lb. is deducted, there will result the sensible or 
temperature-making heat which the furnace gives at Cerro. 

It can be computed that the fuel constituents of the ore, if not 
allowed to lose their heat in melting the slag, would, at sea-level 
pressure, raise their own temperature to 2325 °C. The work of 
expansion is 52,720 kg-m. per cubic metre of gas formed. But as 
there are 1.20 m., the total work will be 63,264 kg-m. Reducing 
work to heat, 63^264 -f- 425 = 148.8 kg-cal. Therefore the sensible 
heat has been reduced by 148.8 cal., and the temperature must be 
lowered 25.6 per cent. 

Making a new distribution of the heat : 

Per cent. Calories. 

37.8 vanishing heat of radiation and convection 352.0 

14.9 vanishing heat expansion 142.0 

16.9 wasted heat in gases 158.3 

29.3 melting heat (efficiency) 278.7 



98.9 931.0 

This distribution of the heat is rather arbitrary, for the vanishing 
heat of radiation is kept the same in both cases. Decreased tem- 
perature seems to demand decreased radiation ; but, on the other 
hand, the decrease in atmospheric pressure increases radiation. Not 
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having data on this point, I have thought convenient to let increased 
radiation balance the decreased temperature ; and if the results are 
not absolutely true, they will, at least, be relatively so. At any 
rate, ordinary practice confirms that this assumption cannot be far 
out of the way. 

From the new distribution it is seen that at the higher altitude 
the smelting heat has dropped from 366 cal. to 278.7 ; or, reducing 
to kilograms of slag, from 420 to 312 cal. With this heat no pyritic 
copper slag can be melted and made to run. 

To secure the heat that would be available at sea-level, so as to 
be able to smelt, add about 4% coke with the corresponding amount 
of air to burn it ; but this addition tends to make poor mattes, for at 
high temperatures oxygen has a very strong affinity for carbon, as 
is proved by the bessemer converter, where 2 to 3% carbon is burned 
without any great oxidation of the iron through which the air blast 
is made to pass. To counteract the reducing action of the coke, a 
great excess of air has to be blown ; this excess and the consequent 
increase of the pressure of the blast, cools the furnace, and to remedy 
this, more coke has to be added. As a result, I have never seen in 
Peru a shaft furnace trying to do oxidizing smelting and consuming 
less than 10 to 15% of coke. At Cerro de Pasco, copper ore contain- 
ing from 6 to 8% Cu is reduced to matte of 40 to 45% with an ex- 
penditure of from 10 to 12% coke. At Yauly, the same quality of 
ore was concentrated to 28 or 30% with a minimum of 12% ; and in 
the smaller furnaces through the country, the concentration is only 
2 or 3 to 1, with an expenditure of 15% coke and an immense amount 
of air blown in. In fact, oxidizing smelting in Peru today is nothing 
but pot roasting carried to fusion at the expense of fuel. This is 
but natural since the altitude reduces furnace temperatures, as has 
been seen, by 11 to 25%, according to the fuel, quantity of air, and 
intensity necessary for the operation. 

In view of all that precedes, T believe that all efforts to do oxidiz- 
ing smelting in the Cordilleras will be useless so long as they are 
conducted at atmospheric pressure. But if artificial pressure were 
put on the furnace, and the fuel were forced to burn at higher pres- 
sure, not only oxidizing but real pyritic smelting could be done in 
the Cordilleras as easily as at lower altitudes. If this were aided 
by a hot blast, then even ores that at present are thought unfitted 
for this work could be profitably reduced directly, perhaps with the 
addition of some coke inside the furnace. 

It is true that heavier blowing engines would be required, but al- 
though these would have to do more intense work, it is likely that, 
on the whole, not much more work would be done. At present, the 
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quantity of hot unburned air that escapes up the furnace, due to the 
small ore columns which are indispensable while working on the 
present system, must represent a large amount of fuel and power, 
which, if saved, would be enough to run the heavier machines, while 
a much cheaper and abundant product would be obtained than at 
present. 

The diagram gives the theoretical temperatures of a furnace at 
-6.25 lb. and 4-6.25 lb., on the assumption that at sea-level the tem- 
perature is 1365°C. From this it will be seen that ores which can- 
not be smelted at an absolute pressure of 8.75 lb. will be easily 
smelted at an absolute pressure of 21.25 lb., with the same amount 
of coke and air used in both cases. In pyritic smelting, on account 
of the greater quantity of air and the higher temperature necessary 
for the work, the difference will be still greater in favor of the higher 
pressure, as has already been seen. 

There are several ways of increasing the temperature of a furnace : 

1. Reducing to a minimum the heavy losses of radiation and 
conduction; those planning to use a shaft furnace in the Cordilleras 
should not overlook this point. The crucible and the jackets, where 
the loss is the greatest, should receive special attention. 

2. The direct use of fuel inside the furnace is the readiest and 
easiest way to increase temperature, but in copper matting, every 
pound of carbonaceous fuel inside the furnace tends to make poor 
matte ; and poor matte is nothing but a reduction of the output of the 
furnace. 

3. The use of hot blast. The well known properties of hot blast 
make it unnecessarry to point out the advantages of its use at high 
altitudes where the heat losses are so great. 

4. The use of back pressure on the furnace, in such a way that the 
fuel is forced to be burned at the pressure desired for its most eco- 
nomical working. 

The combination of all these conditions favorable to high tem- 
perature in a single and easily worked furnace would be the ideal 
for high altitudes. 
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PKOBLEMS IN HODEKN COPPEK SBIELTINO 

By S. E. Bbetuebton 
(February 10, 1912.) 

•Ab copper is the most interesting of the base metals, its impor- 
tance in the commercial world being augmented by the wonderful 
science of electricity, I will discuss its metallurgy ; only attempting 
to describe modern copper smelting, which is more important for 
advanced students. When I sav * modern/ I mean within the last 
thirty years. Less than thirty years ago such mines as the United 
Verde of Arizona, the copper mines of northern California, and 
others, were considered of little value because the ore was sulphide 
and considered refractory. Such properties were examined by sev- 
eral noted engineers and rejected, even at a comparatively low valua- 
tion. Today such mines have become the basis for the cheapest and 
best metallurgical work in the world. 

For several years the Dominion Copper Co. of Globe, Arizona, 
hauled a trainload per day of sulphide ore all the way from Bisbee 
to Globe, Arizona, several hundred miles, in order to get the sulphide 
to make copper matte for converting. Not only this : it enabled them 
to make a much cleaner slag than is possible when smelting directly 
to black copper. I can remember the time when at Clifton and Globe, 
Arizona, Santa Rita, New IMexico, and other places, rich oxidized 
copper ore was smelted to black copper, reducing a comparatively 
small tonnage in the furnace, using 20 to 24% fuel, and throwing a 
slag over the dump containing 2 to 3% copper, worth $6 to $9 per 
ton. Today the average slag thrown over the dump will not exceed, 
I think. 60c. per ton in copper, and the fuel used in the blast-furnace 
from 1 to 10%, depending on the sulphur contained in the ore and 
the character of the slag to be made. Briefly, the advantages of 
smelting sulphide copper ores are as follows: 

1. Greater capacity for the same sized blast-furnace. 

2. Less diuiger of 'freeze-ups/ a term generally used by the 
smelter-men when the furnace is lost by incrustations forming from 
any cause. 

3. Smaller fuel consumption. 

4. Cleaner slag. 

I might add the saving of roasting the ore. When smelting direct 
to black copper, it was necessary to roast any rich sulphide ore. 
For some time after the system of smelting to copper matte came 
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into general use, it was thought ueeesaary to roBst most of the aul- 
|)hide8, «nd more fuel whs used than at prpserit, biit as the method 
was improved, tirwt with the aid nf hot blast, and theu uold blast 
iiudt-r higher preBsiire, the percentage of fuel was coiitimially re- 
duced iiutil, in some eases, smelting in the blast-furhaee to a low- 
grade matte was nceompliahed without any fnel. 

I have just referred to 1 to 10% fuel in the charge in matte smelt- 
ing, depeuding on the percentage of sulphur and character of the 
slag to be made. If the percentage of sulphur is low, it is necessary 
to use more fuel to furnish the required heat and save the sulphur 
for matte uiaking. Again, if it is necessary to make a slag low in 
iron and high in magnesia, alumina, barium, or zinc oxide, a much 
greater heut is required to keep it fluid. A slag chiefly containing 
iron base rei^uires less heat than when the iron is replaced with an 
alkaline base (manganese is generally classed as iron for tluxing 
purposes), but it is necessary to study the specific gravity of the 
aiag, in order to get a good matte separation, and at times in run- 
ning customs plants I have had so little iron, and so much zinc and 
r perhaps magnesia and alumina, that it required more than 
t usual anuuint of heat to keep the slag hot enough to run prop- 
Hirly. Too much iron base means a fluid slag, but too heavy for a 
good matte separation; too little iron and too high a percentage of 
alkaline bases, especially magnesium and barium, requires more 
heat, and is also too viscous, holding matte or shots of metal sus- 
pended meebanieally. Slag coutainiug too much silica and alumina 
will do the same thmg, but the most treacherous slag nf all is one 
which contains too much zine oxide or barium, especially if they are 
together. 

Alumina, like magnesia, is not objectionable in limited quantities, 
^^n iron smelting, alumina is classed as a base, but in ordinary cop- 
^■^^ or lead smelting I consider it safer to class it as an acid. I find 
^Hp acts so for me, no doubt, for the reason that in the shallow lead 
^■W copper furnace a much lower temperature and less percentage 
of fuel is used than in the deeper iron blast-furnaces. In lead smelt- 
ing the metallurgist has very little margin to work on when figuring 
^ his slag; that is, he eamiot depend on getting any iron from un- 
MBted sulphides; if he did, the volatilization of lead would be too 
reat, causing serious li'ss^s, and he must be careful to watch his 
L BO as not to form silicate of lead in the siag. The copper 
jBetaUurgiBt does not fear the volatilization of copper or the forma- 
1 of silicate of copper; in fact, a silicious slag for copper smelting 
s cleaner work and is more suitable for fire concentration. But 
f he depends on gettiui: all bis inui for slag-nuiking purposes from 
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raw sulphides, as I have frequently had to do, it is necessary, after 
figuring the charge, to see that his instructions are carried out on 
the feed floor, for too much fuel, too deep burden, or too small a 
volume of blast might mean a freeze-up, due to lack of iron in the 
slag. The shape of the furnace, the size and number of the tuyeres, 
the way the furnace is fed, all have some bearing on this question, 
as well as the amount of the blast used. The size and character of 
the ore particles has also to be considered. 

Pine ore is very objectionable in blast-furnace work (here comes 
in the question of the proper method of crushing and sampling). 
Reverberatory smelting practice has the advantage over the blast- 
furnace in smelting fine ore, but the ore has to be all crushed fine 
and a preliminary roast given it. I have also found that very little 
zinc can be volatilized in the reverberatory furnace, whereas I have 
volatilized over 49% of it in the ordinary blast-furnace, which is a 
great advantage when the ore contains more zinc than the slag can 
carry. You have doubtless read articles describing the necessity of 
roasting matte before re-smelting in order to get a matte richer in 
copper for either the converter or for marketing direct. I remember 
an article written several years ago by one of our prominent 
metallurgists, claiming that the re-smelting of matte in the blast- 
furnace without roasting did not increase its copper content by 
concentration. My experience for several years has been, both in 
Arizona and California, to ship matte containing 30 to 40% from 
ore in Arizona, averaging about lMi% copper, and in California 3%. 
This means a concentration of 20 and 13 tons of ore to 1 ton of 
matte, respectively, requiring a re-smelting of this matte with 
silicious ore, a re-smelting which was made more difficult on ac- 
count of having a poor quality of silicious ore on hand to work with. 

This roughly outlines the principles of copper matte smelting 
down to where the converter is used. To make this clearer, it will 
be necessary to describe each particular feature I have taken up 
in detail. Some of you may be called upon at some time in the 
future to decide as to the advisability of erecting a small smelter 
for a partly developed mine, perhaps some distance from a railroad, 
the owners having read about l^^% copper in * porphyries* paying 
dividends where the ore is first concentrated and then smelted in 
the reverberatory or blast-funiace, or a^out where 2V2 to 3% copper 
sulphide is made to pay dividends by direct smelting to matte and 
then converted to blister copper containing the silver and gold which 
is shipped to Eastern refiners for further separation. 

It may be well here to put in a word of caution. Converting the 
matte to blister copper means a saving in freight on waste, such 
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as iron and other sulphides contained in the matte, and also a better 
price for the copper of 1 to l^c. per pound, but it is not practica- 
ble to operate a converting plant in connection with a small mat- 
ting plant, so that unless the ore contains much precious metal to 
help the copper carry the expenses, and conditions are unusually 
favorable, it is often better to ship the crude ore and put in no 
reduction plant at all. It is true that some of our largest and best 
paying copper properties of today, such as the United Verde, and 
Copper Queen of Arizona, the copper smelters of Montana, and 
others, which could be mentioned, were started as copper matting 
plants. 

To illustrate this point: Some time ago I was called upon to 
examine a property 45 miles from the railroad. The owners felt sure 
they had a good property which could be made to pay handsome 
profits with less than 3% copper. The cost of marketing copper is 
greater than is generally realized, especially in the form of matte. 
Matte containing 40% copper is the most profitable to make, on 
account of slag losses, and is the most suitable for converting plants, 
where it is blown to blister copper. A 40% copper matte made 
from a 3% ore would equal a concentration of 14 tons of ore into 
1 ton of matte, allowing for about 5% loss of copper in smelting. 
The expense on this ton of matte would be, estimating copper at 
15c. per pound: Wagon haul as back freight, 42 miles, not less 
than $6; shipping to Salt Lake City (the nearest market), railroad 
freight, $5.25; copper refining deduction, 2%c. per pound, $22; 
copper deduction, wet assay, 1.3%, $3.90. This amounts to $37.15 
per ton of matte, which, divided by 14 tons, equals $2.65 per ton 
of ore. Estimating mining and all development expenses at least 
$2.50 per ton of ore ; general and all office expenses at 35c. per ton ; 
smelting so far from a railroad, $3 per ton, at the very least ; made 
a total of $8.50 per ton, even on the basis of a comparatively large 
plant. Divide this by 60 lb. of copper, less 5% for loss, or 57 lb., the 
cost would be 14.93c. per pound, in round numbers 15c. Usually 
copper ore contains precious metals to assist the copper in carrying 
the expense, but in this particular case the gold and silver content 
was scarcely worth considering. 

The method of concentrating matte to metallic copper in the 
converter was the greatest advance in copper metallurgy within 
the last thirty years. The refining of copper by electricity can 
perhaps be classed as the second most important advance. The 
practice of converting copper matte has been constantly improved 
since being first introduced in this country at Butte, Montana. 
The use of silicious ore for lining, instead of barren quartz and 
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clay; larger converters; machinery for tamping; and, last but not 
least, the long-wished for method of adding silicious ore to the con- 
verters, as required, is now being accomplished successfully, by 
using a basic lining and adding the silicious ore instead of depend- 
ing entirely upon the lining to furnish the silica required for com- 
bining with the ir6n in the matte as the sulphur is oxidized and 
driven off. 

The great success and continued improvement in converting 
[)ractice has had considerable bearing on blast-furnace and rever- 
beratory smelting practice. To some extent the same principles 
are applied in the much higher blast pressure and larger volume 
of blast now used. The higher pressure and deep shaft furnaces for 
copper matting can be used where ores are comparatively clean, 
but my experience has been in the smelting of ore containing high 
percentages of zinc that it was necessary for us to carry a very 
low burden above the tuyeres, with an extremcdy hot top, otherwise 
the incrustations would form so quickly on the walls of the furnace 
that the furnace would have to shut down in order to be barred off. 
The shape of the furnace has considerable bearing on this question 
also. For this reason I have planned a blast-furnace, especially 
designed for the smelting of refractory ore contafbing zinc, Bho¥ni 
in the accompanying illustration, Pig. 13. 

The extremely large top of this furnace is to allow to fall back on 
the charge, the dust which results from the fume passing throu^ 
this increased area and decreasing its speed just before entering 
the smokestack. This was found to be a great advantage. The 
dust, which is mechanically thrown out by high blast-pressure and 
usually goes over into the dust chamber, was found to be very 
much lessened by the use of this enlarged top. There is a 6-in.* 
space or shell surrounding this top, which is for blast-heating pur- 
poses. This feature was added only at the request of those for 
whom I was designing the furnace, as I do not consider the results 
obtained justify the expense. By this arrangement the space re- 
(juired for feed doors is cut out, the heating surface is not very 
great; then again, the interior of this shell, exposed to the hot 
fumes, quickly becomes coated with dust, which is a poor conductor 
of heat. The greatest advantage of this air chamber above the feed 
floor would be the benefit of the cooling effect to the men working 
on the feed floor. Of course, this can also be obtained by brickwork. 

In th«» body of the furnace below the feed floor, it is only 7 ft. 
from the centre of the tuyeres to where it is possible to carry the 
top of the charge, which is much lower than the ordinary type of 
hlast-funiace, but this furnace was esj)ecially designed for the smelt- 
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ing of ore containing zinc. The bosh, starting a few inches above 
the tuyeres, only extends up a distance of 2 ft. ; from there to the 
top of the furnace the walls are perpendicular. I found this a great 
advantage, for the reason that the smelting zone belongs between 
the tuyeres and for a few feet above them. By allowing the weight 
of the charge to be carried by the boshes it keeps the pressure off 
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Fig. 14. cross-section of a poorly designed blastfurnace. 



the ferucible and allows freer circulation of the blast between the 
tuyeres, at the same time holding the burden more compactly above. 
The following, showing the shape of one of the first blast-furnaces 
i was requested to use in copper smelting, illustrates my reasons for 
this, and while it was very provoking at the time, the experience 
taught me a valuable lesson. 

The total height of the furnace from crucible to feed floor was 
about 9 ft. ; the diameter at the top was 9 ft. and 4 ft. at the tuyeres, 
with a continuous slope from the top to the bottom. The ore was sili- 
cious copper ore with iron and zinc sulphides, containing some zinc 
and as much iron as we cared to use. After operating for a few hours. 
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the smelting zone was all at the top of the furnace, slag and matte 
in the crucible, too cold to run, and a cone or sow formed, as shown 
in the sketch, Fig. 14. This was due to the blast passing up the 
sides of the furnace instead of reaching the centre of the charge. 
It followed the lines of least resistance, blowing the heat with it 
and leaving an unfused centre between the tuyeres above the 
crucible, which kept growing larger until the furnace was lost. 
What little smelting was done the last few hours the furnace was 
kept alive was between the centre and the w^alls, the slag dropping 
into the crucible near the outer rimj which we found to be the case 
in cleaning out the furnace. This furnace was afterward abandoned 
and has never been used since, to my knowledge. The man who 
designed this furnace had had some practical experience, and I was 
very much surprised at his making such a blunder. 

Some metallurgists advocate very wide blast-furnaces, even as 
much as 56 in., but this is only possible where the ore is coarse, 
having had the finer material removed by screening, and a con- 
siderable depth of burden is carried above the tuyeres. There is 
a limit to the coarseness of the ore as well ; more especially in 
smelting ore containing zinc in shallow furnaces. As zinc sulphide 
is one of the most infusible ores, it is necessary to oxidize it so as to 
volatilize the sulphur and form zinc oxide. For this reason it is 
evident that in shallow furnaces the centre of any large lump of ore 
would i)ass into the crucible where oxidation ceases, and there 
accumulate until the furaace is lost, unless a good foreman stops 
the blast, takes out the breast, draws off all such accumulations, 
replaces the breast, and resumes operations. It will be evident to 
those of you who have had some practical experience that the blast 
entering at the side of the furnace wnll have a tendency to ascend 
while passing through the charge to the centre; so that if the 
furnace is too wide or the eharffe too fine, what is commonly known 
as a *sow' will form in the centre of the furnace in the shape of a 
cone. This will mean the loss of the furnace in time, as it forces 
the blast with the heat away from the crucible and too much to the 
top of the furnace. Before this becomes serious there are generally 
one or more large blow-holes formed in the charge above the tuyereij, 
through which the blast escapes like wind forced up a chinmey.- 
It is the prevention of these blow-holes by proper feeding, which re- 
quires some of the feeder's skill. 

Much zinc is always objectionable, but it can l)e handled to better 
advantage in copper smelting than in lead smelting; in fact, zinc- 
blende seems to give less trouble in a blast-furnace with hot-blast 
than when roasting in a revorberatory furnace, as it requires much 
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iiiore heat to liberate its sulphur than when roasting pyrite; and 
it must be that with hot-blast the oxygen, not having to unite with 
fuel, has a better chance to combine with the sulphur where such 
an intense heat exists as in the blast-furnace. Some metallurgists 
claim that no copper is necessary, and an iron matte will save 
the precious metals present. Mixtures containing much less iron 
and more silica can be smelted to better advantage than those I 
have named; but it would require too long to discuss the question 
of the different combining powers of each base with silica, to form 
singulo-silicates for lead smelting or bi-silicates for copper smelting. 
The first heat required is for heating the air-blast up to the 
temperature where the oxygen will combine with either the carbon 
of the coke or the sulphur contained in pyrite ; then the heat neces- 
sary for melting ores and fluxes so that they will combine to form 
the proper silicates for fluid and clean slag is produced by the 
oxidizing of the fuel in the charge by the oxygen in the blast. If 
cold blast is used, the free oxygen going in with it is required to 
oxidize the extra fuel required to heat the blast, thus leaving little 
for the sulphur. If more cold blast is used so as to get still more 
free oxygen, it drives the heat still farther away from the tuyere 
openings into the furnace, and reduces the smelting area of the 
furnace in that proportion, driving the heat higher up in the furnace 
and burning the fuel and smelting the ore so near the top of the 
furnaces that any metals volatilized have no chance to get caught. 
It keeps the fuel burning so high above the tuyeres that it leaves 
very little for the blast to encounter as it enters, unless a large 
quantity is used. When the cold blast enters the furnace and en- 
counters hot charge without fuel mixed with it to generate heat, a 
crusted furnace soon results, starting at the tuyere nozzle and re- 
ducing the capacity of the furnace until it is closed. This results 
when too much cold blast is used, or too little fuel and sulphur are 
used with the cold blast. By the use of the hot blast this trouble 
is greatly decreased and the hotter the blast is the better it is, up 
to a point where all the heat necessary for smelting can be pro- 
duced by the combination of the oxygen in the blast with easily 
oxidized elements in the ore, such as sulphur and arsenic. When 
these elements are not in sufficient quantity to produce by oxida- 
tion the heat required without making too high a concentration; 
that is, when there is not enough sulphur to make matte for the 
regular clean working of the furnace, then sufficient fuel should 
be used in order to save the necessary sulphur for making a proper 
grade of matte. 
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BLASTFUBNACE SMELTING ^WITH OKUDE OIL 

(Discussion, February 8, 1913.) 
The Editor : 

Sir — ^Your timely editorial on the use of crude oil in blast-furnace 
smelting brings to my mind some additional facts pertinent to the 
inquiry. A great many attempts have been made in this direction, 
naturally enough, considering the obvious nature of the proceeding 
and the probable advantages which it should have under the condi- 
tions prevailing in this state. Where petroleum is so abundant and 
cheap it is most evident that its successful application in smelting 
would be attended with great advantages. In regions like Califor- 
nia, where coke, the customary fuel in blast-furnace smelting, com- 
mands an excessive price, and where on the contrary the liquid fuel 
is extremely cheap, there can be no question of the desirability of 
employing the latter could means be found of rendering its employ- 
ment perfectly feasible. As has often been remarked, the heat units 
are there, and only the details of its use remain to be settled. 

I have been at much pains to procure information as to the various 
attempts that have been made to employ oil in smelting in the blast- 
furnace ; attempts which began much farther back than most people 
are aware. I have seen an illustration of an antique and crude 
form of cupola devoted to melting pig iron which was published 
fully 30 years ago, exhibiting the pipe connections by which petrol- 
eum was to be fed into the funiace — evidently in connection with 
the blast. It entered at the tuyeres, and it may be observed that 
while provided with means for atomizing the oil, the combustion 
was intended to take place wholly within the shaft. Of the 
propriety of thus burning the liquid in the melting zone I will speak 
hereafter. The next instance of the use of oil in this style of work 
that I shall instance, was the proposal of W. L. Austin, the cele- 
brated metallurgist, the father, I may say, of pyrite smelting, to 
employ oil jets in the tuyeres of his furnace, not especially for the 
heat thus to be gained, but for the special purpose of preventing the 
formation of deposits of the magnetic oxide of iron, by which he 
was troubled at that time. I think Mr. Austin took out patents for 
such application of petroleum, but I am not aware that his inven- 
tion came into practical use. 

Subsequent to Mr. Austin 's proposal Mr. Nesmith of the Colorado 
Iron Works at Denver invented a method of heating the blast of 
smelting furnaces by burning petroleum within the air main. His 
apparatus consisted virtually in an enlargement of the main, afford- 
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ing space for the development of the flame of one or more jets, the 
gaseous products of which, along with the unconsumed air, went on 
into the furnace. This involved, of course, the provision of re- 
fractory linings in the main and its connections. By this means 
the blast was effectively heated, but the method was criticised on 
account of the vitiation of the air, which lost a portion of its oxygen, 
taking up instead a corresponding amount of COg and water vapor 
as the result of the combustion of the oil. I was under the impres- 
sion at that time and later that the loss of active oxygen thut 
brought about was of a serious nature ; but reflection convinces m^ 
that the proportion of oxygen thus sacrificed is likely to be too small 
to affect the smelting process noticeably, and I regret that I ex- 
pressed antagonistic views thereon. It is easily capable of demon- 
stration that the blast may be even highly heated without losing 
more than a fraction of the total oxygen, and there is also the con- 
sideration that if, as is usual, the blast of air proceeds unimpaired 
into the shaft it still requires to be heated at the expense of fuel, 
and of its own oxygen. It is now difficult to see why the preliminary 
heating which it would undergo by either Nesmith's or Austin 'i 
method would prove in any way destructive or prejudicial to the^ 
smelting process. Another important consideration here super- 
venes: the preliminary heating can be done with greater economy 
than the subsequent heating; since the fuel expended in the Net 
mith (and probably in the Austin) device would be thoroughl>- 
burned, the end products being COo and water; while the coke upon 
which we otherwise rely for the inter-furnace reactions, is largely 
converted into carbon monoxide. The reader will appreciate this 
according to his knowledge of the reactions in furnace metal- 
lurgy. What would be gained by such an application of oil would 
evidently rest upon the saving in cost of oil versus coke, added to 
that gained by the more perfect combustion of the former. Some 
rough calculations may make the possible sayings (juite perceptible 
and important. A pound of the ordinary coke sold on this coast 
sets free approximately 13,000 heat units when completely burned, 
— that is, to carbon dioxide. A pound of oil produces nearly or 
quite 20,000, when burned equally thoroughly. Oil is therefore 
worth fully one-half more than an equal weight of coke under the 
same conditions as to perfection of combustion. In California, crude 
oil may generally be had for $1 per barrel, more or less, depending 
on the cost of transportation. Allowing six barrels to the ton, oil 
costs about one-third as much as coke, which under similar circum- 
stances may cost $12 per short ton, or $18 for a ton and a half, the 
equivalent in heating power of one ton of oil. Oil, therefore, when- 
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ever its use is permissible, costs only one-third as much as coke. 
This computation would doubtless hold good wherever the matter is 
one merely of heat units, irrespective of the different behavior of 
the two fuels within the furnace. If the mere melting of a sub- 
stance be the end sought, as of pig iron in the foundry cupola, or 
that of the materials within the open-hearth or copper reverberatory, 
there is no doubt that the monetary consideration holds. In the 
high iron, as well as in ordinary lead and copper-furnaces, where 
deoxidation by means of carbon is necessary, there would seem to be 
little likelihood of oil supplanting coke in spite of its greater heating 
power and less cost. However, there is much to be learned on this 
subject. 

Concerning the complete combustion of crude oil within the 
tuyeres or before reaching them, experience has taught something 
of great significance. I have found by experience, and I dare say 
others have observed the same, that ample free and unencumbered 
space is essential for the proper burning of liquid fuel. If the 
space be restricted, or if the jet, atomized or otherwise, is directed 
against the materials to be melted, the oil is only partly consumed, 
and much carbon (soot) is set free, giving a very dense smoke, and 
in many cases a deposit of heavy difficultly combustible pitch is pro- 
duced which, passing below the zone of fusion, produces some ill 
effects. Even if the materials within the shaft are wholly in- 
candescent and the combustion lively, as befits the smelting region, 
there is a waste of oil and the production of no great heat. The les- 
son learned from this is .that the introduction of the liquid fuel 
directly into the furnace is not a workable method. It is true that 
in the lower part of the shaft of a pyritic furnace, as commonly 
run, there is much empty space, through which the currents of gas 
and air play comparatively freely ; but if into a furnace thus work- 
ing we proceed to inject oil, the immediate result is to lower the 
zone of fusion, by melting away the partly or wholly solidified mat- 
ters (the * noses', etc.) which support the charge above, permitting 
the whole mass to slide down, obliterating the cavities upon which 
the perfect admixture of the oil and air depends. When this takes 
place their blending becomes imperfect and the heavy smoke of un- 
consumed carbon is again produced, and the rate of smelting 
diminished. Such was the result of experiments in oil-burning 
when applied to lead-smelting some years since. The men in 
charge of that test declared that while the oil effected some appar- 
ent saving in the cost of fuel, the advantage was more than compen- 
sated by the diminished rate of driving and the attempt was given 
up. It appears then, in general terms, that oil cannot be worked 
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Pbi a close pharge, ami I bt-lievi- that siKa-ess is ouly possible when 
Itlie li(niid is applied to the preiimiuary heating of hlast. which 
!■ brings us back lo the (jiiestiim ao lony argued in connection with 
Ipyritie smelting, as to the relative advantayea of the heated and 
I the unhealed blast. This question, by the tacit decision of the 
I nietallurgieal world, has been decided in favor of thu iiuheatwl blast ; 
I. but the possibility of employing so desirable and cheap a fuel as 
I petroleum adds another chapter to the diaenssion. The question 
I ill its broad aspect ia, can we aubstitute cheap oil for dear coke in 
I'Sume meaaure, and are there other advantages in the use of oil 
I other than its superior heating powert 

I There is another advantage, of no mean significance in the use 
of oil, which I have discovered, and which I desire to call to the 
altention of praetieal smelting men. I have observed the strongest 
tendency on the part of the oil jet to prevent the customary ob- 
i stnictiona about the mouth of the tuyeres. The heat bestowed upon 
the blast is sufficient to immediately liquefy the slag which other- 
' wise would gather there and freeze into a nose, or partly close the 
' exit of the wind stream. Everyone who bas handled blast-fumaeea 
' recognizes tlie tendency to choke up the tuyere openings as a serious 
' drawback in ordinary work, and will bail with delight any practica- 
ble means of obviating it. The result of the highly heated blast, or 
I i>erhapfi I had better say, the presence of the burning jet at that 
' pnrlicular spot, is very favorable to the proper running of the fur- 
nace, lessening labor, and by reason of the unimpeded flow of the 
air-blast relieving the blowing machinery of much unprofitable work. 
I have used a fan in this connection, and I ara convinced that it will 
deliver fully 50% more air when the oil jets are burning in the 
[ tnycrcs than when delivering cold air, entirely because the tuyeres 
tare kept free from obstructions. This is an advantage of great 
■ moment when large smelting capacity is sought. 
B Wallace Dow, of Dow Engine ('o., of Alameda, has eon- 
prtrueted a melting eupola of hia own invention, in which oil is the 
•ole fuel. It lias proved an unqualified success, melting with regu- 
I larity the pig iron for the numerous castings manufactured by 
that company and doing it with an economy unapproached by coke- 
bnraing apparatus. I believe he saves fully three-fourths the cost 
of fuel by the aubstitntion of petroleum for coke, and there is the 
^eatcat probability that through further e-tperience the economy 
will prove still more decided. Not only is the melting done with 
. dispatch, but the bath of metal may be kept fluid and in proper con- 
dition for pouring for ninny hours; in fact there is no reason why 
H may not remain molten for weeks, sinee the jels jire so iirrtin<red 
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in part as to play on the surface of the metal. By this means it be- 
comes possible to cast at any desired time. The problem before Mr. 
Dow differs from that which confronts the copper furnace manager, 
since in foundry practice it is necessary to supply all the heat of 
melting by the combustion of the oil alone, while in copper matting 
we get a great proportion of it from the reactions between the ore 
and the blast inside the furnace. In the one case the products of 
combustion must enter the furnace at a very high temperature — 
perhaps as great as 3000° P. ; while in the other the blast, to carry 
out all tlie desired objects, need be no higher as a general thing than 
1000° P. Indeed it is generally conceded that with a blast of that 
temperature no fuel whatever need be used. It is necessary, there- 
fore, to burn but little fuel for the preliminary heating, probably 
not more than enough to take up one-seventh of the oxygen of the 
air. In matting stacks there are required on the average about 
1% tons of blast to each ton of material charged. To raise this 
weight of air to 1000° P. would require about 875,000 heat units, 
which is produced by 43.75 lb. oil of 20,000 heat units per pound. 
This is in the event that combustion is perfect and that there is 
no loss of heat in the operation. This is in the neighborhood of 7 
gallons of fuel. I perceive that Thomas Kiddie has successfully 
used oil in this kind of smelting, and that he records a consumption 
of one barrel of oil to three tons of charge, or 14 gallons per ton. 
Probably Mr. Kiddie ^s results are more to be relied on than any 
merely theoretical calculations, although his published experiments 
related to only a short run. Mr. Dow has not as yet accumulated 
the facts necessary for precise statements of results, but since he 
has put his furnace into regular operation, it taking the place of 
two coke-burning cupolas, he will be able shortly to speak with 
authority on a number of phases on which there are at present only 
theoretical considerations for our guide. 

Fully realizing the desirability of completely burning the fuel 

« 

before its entrance into the cupola, Mr. Dow has provided his 
furnace with two heating chambers, one on each side of the shaft 
at the bottom, in which the atomized oil is brought into intimate 
mixture with the incoming blast, and from which the hot gases de- 
part through broad apertures over the sole of the .cupola. The 
heat is necessarily very intense, and its effect upon the firebrick of 
which the structure is composed is very marked. Better fire-resist- 
ing materials than the commercial bricks may be necessary for this 
purpose. Water-jacketing might be resorted to, but for a furnace 
which is out of commission the greater part of each 24 hours it 
seems hardly necessary, differing thus from lead and copper smelting. 
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For my part I have taken out patents upon a form of construction 
which lends itself very well to the new requirements. My stack 
being supported on hollow columns and an encircling windbox, 
I have modified these to admit of the combustion of the oil inside 
of them, directing the highly heated blast to the interior of the 
stack through tuyeres lined with refractory materials instead of the 
iron pipes commonly employed. Each supporting column conveys 
and heats the blast, being lined with firebrick and provided with 
an efficient burner, by which the oil is injected downward so as to 
meet and be consumed by the incoming blast, which rises from 
subterranean pipes connected with the blower. By this means I 
still retain the feature for which my furnaces have been noted, 
that of no visible air connections. As I am about to pnit in opera- 
tion one of these furnaces I shall take pleasure in later communi- 
cating to your readers the economic results of my work. 

Herbert Lano. 
Oakland, California, January 15, 1913. 



OIL-BURNINa IN FUBNACES 

(DuBcussion, July 12, 1913.) 
The Editor : 

Sir — In my letter on *Blast-Purnace Smelting with Crude Oil,' 
published in your issue of February 8 last, I endeavored to emphasize 
the necessity of thoroughly consuming the oil before the entrance 
of the mixture of hot gases into the furnace. That such emphasis 
was needed is shown in a variety of ways. I have heard subsequently 
of two different attempts to utilize oil as fuel in cupola smelting, 
which came to naught, apparently by a neglect of this principle. 
Observation of oil-burning boiler furnaces, so common now, will 
suffice to show the necessity of a thorough preliminary combustion. 
The conditions essential to complete combustion — which, by the 
way, never takes place under steam boilers — are these: There 
must be enough, but not too much air; the space within which 
the combustion takes place must remain at the highest possible 
temperature; the space must be ample; and its form must be such 
that there be no interference with or between the gaseous cur- 
rents. The ideal form would be tubular. The best construction 
would be cylindrical, being composed, let us say, of a sheet-iron tube 
lined with firebrick of good thickness, and placed horizontally. The 
diameter should conform to the amount of oil to be consumed, and 
its length should be such that the gases would be thoroughly burned. 
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and that no smoke, the sign of faulty combustion, should issue from 
the far end. The temperature at the front (where the air and oil 
enter) will necessarily be less than at the back, but should be kept 
as high as possible, by cutting off the direct radiation of heat out- 
wardly by means of baffle-plates. It is contrary to common sense 
to permit of openings at any point wherein the interior can be seen. 
The lire-chamber is, of course, connected to the furnace proper, 
and when thus connected to a blast-furnace would constitute a 
tuyere. Several of them w^ould be provided for each furnace, 
spaced regularly about its periphery, and pointing radially inward, 
or having some inclination downward, according to the fancy of 
the designer. They must be contracted at the inner end, to increase 
the velocity of the entering gases and assume the customary effect. 

The application of oil-burning to the steam boiler is not scienti- 
fically made. The old-fashioned coal or wood-burning fire-box is 
retained and made to do a duty to w^hich it is not well adapted. 
The interior form of the fire-box is about the worst that could 
well be devised. Its faults for oil-burning are, first, its many 
rectangles, which produce confiicting gas currents and prevent the 
proper mixing which is essential to perfect combustion. Then the 
large useless space at the front, which cannot be kept hot; but 
chiefiy the presence of the immense bulging boiler immediately 
over the fire at its incipiency, which effectually keeps down the 
temperature, which, instead of reaching 3000° or more, as it should, 
can barely surpass the red heat. I do not mean that all the space 
is at this low temperature, but that it does not surpass the red 
heat as an average. 

When a liquid or gaseous hydrocarbon burns, the tendency is for 
the hydrogen to be consumed first, as the carbon, requiring a higher 
temperature, may escape combustion in part, passing off in solid 
particles and making a black smoke. A cold object introduced into 
the path of the burning gases abstracts heat and produces the 
smoky effect. The bulky boiler, relatively cool, is responsible for 
the great volume of smoke and soot which often defiles the atmos- 
phere in the neighborhood of steam plants. The remedy is obvious: 
it is to burn the fuel out of contact with the boiler, and to heat the 
latter by contact with the fully burned and very hot gases. Smoke 
is so unnecessary that it is quite a wonder that legislative interfer- 
ence has not been invoked effectively; a proper * blue-sky' law 
should be placed on our statute books. 

It is in reverberatory smelting that oil-burning has reached its 
ideal phase. In that furnace the whole interior forms practically 
a great combustion chamber, kept at a high temperature throughout 
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its entire length (exceeding in some eases 100 ft.), into one end 
of which the air and atomized oil are introduced, while the fully 
oxidized gases are withdrawn from the other. Being surrounded 
by brick-work, cunningly arranged to prevent the escape of heat 
by radiation and conduction, the whole interior remains at a 
dazzling heat, the conditions being perfect for the development of 
the flame and the complete combustion of the fuel. This condition 
of affairs should be imitated so far as practicable in the other 
applications of petroleum as fuel, even if it involves the construction 
of special combustion chambers. Such constructions are in the way 
of being realized. Several manufacturers of oil-burning boilers 
manifest, in their catalogues at least, a tendency to prolong their 
combustion chambers outwardly, or by extending an arch over the 
internal combustion space, which comes to the same end, to give the 
fuel a chance to develop its flame unhampered by the presence of 
the cold boiler surface. 

Herbert Lang. 
Oakland, California, June 6, 1913. 



P7BITE SMELTING WITHOUT COKE 

By Lewis T. Wright 
(February 24, April 7, and September 29, 1906.) 

Prom prehistoric times, copper has been extracted from cuprifer- 
ous pyrite by a fire treatment consisting of alternate roasting and 
smelting with carbonaceous fuel and fluxes. Each roasting oxidized 
a portion of the sulphur and iron and each smelting removed, as iron 
slag from the copper sulphide, the iron oxidized in the previous 
roasting process; and these alternating operations were continued 
until a nearly pure copper sulphide was left; such copper sulphide 
by melting and oxidation finally became the refined metallic cop- 
per which was the aim of these combined processes. The treatment 
of the ore therefore was one of elimination, in stages, of sulphur 
and iron, and finally the sulphur; it was a j^radual scraping away of 
the husk and chaff to find the valuable grain. 

The successive oxidations and smeltings were carried on with 
the aid of carbonaceous fuel, which, by its reducing action, is counter- 
active to an oxidizing process. 

Let us review for a moment the so-called English method of 
smelting cupriferous pyrite: 1. An ore (say 5%) is roasted in a 
reverberatory furnace with the aid of 15% in weight of coal. 

2. The roasted ore is then smelted with the necessary flux, 
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thereby cutting out, as slag, the iron oxidized in No. 1. This smelt- 
ing is carried on with the aid of 40 to 45% coal and leaves a 35% 
copper matte, or coarse metal. 

3. The 35% matte is roasted in a reverberatory with the aid of 
40 to 45% coal. 

4. The partly oxidized 35% matte from No. 3 is now smelted 
with the aid of 50% coal, again cutting out, as slag, the iron pre- 
viously oxidized; this leaves a 75% matte. 

5. This 75% matte (white metal) is melted in a reverberatory 
furnace and by a succession of oxidations and reductions, in which 
the oxidations prevail, is now freed of its sulphur, leaving * blister' 
copper. This is done with the aid of 60% coal. 

6. The blister copper is refined by a succession of partial oxida- 
tions and reductions to fine copper. 

The practice of large-scale copper smelting in the United States 
quickly led to the use of blast-furnaces and converters, and by 1895 
the old cumbersome, laborious, and fuel-consuming method had been 
largely abandoned in favor of more rapid (and more economical) 
treatment. The coarse sulphide ore was often roasted in heaps 
with a little cordwood and the fine ore was roasted in mechanical 
furnaces, especially if in the form of concentrate, with a not incon- 
siderable proportion of fuel. The smelting of the roasted ore in the 
blast-furnaces was effected with a quantity of coke equal to about 
10% of the weight of the charge, producing a 40 to 45% matte, 
which was brought up to blister copper in the converters, without 
the expense of further fuel, except that required by the blowing 
engines. The sulphide fine, after roasting, was briquetted and 
smelted in blast-furnaces' or smelted direct as a hot calcine in 
reverberatories. This last method offers advantages where suitable 
fuel can be obtained at a low cost and where the ore is fine. 

At Keswick, California, frequent attempts were made to smelt the 
sulphide ore (which was pyrite with some chalcopyrite) with hot 
blast but at first without increase of economy. The coarse ore was, 
therefore, roasted in heaps or kilns and a smelting charge of this 
average composition was made for the water-jacket blast-furnaces: 

Calcined ore 49.5% 

Cupriferous pyrite 12.3% 

Raw matte 8.1% 

Slag 7.6% 

Fluxes 22.5% 

Coke 9.3% of total burden 

Grade of matte produced 42.0% 

Rate of running 5.49 tons per sq. ft. per 24 hr. 

Blast 22 oz. 
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This charge at first ran with extreme difficulty, the furnaces 
chronically and promptly freezing up. The difficulty was wrongly 
attributed at the time to the presence of a small amount of zinc in 
the ore, and it was recommended by the metallurgists then directing 
the smelting operations to crush the ore, to roast it in mechanical 
furnaces, and to smelt the product in reverberatory furnaces. An 
adoption of this recommendatfon would have entailed the recon- 
struction of the smelter. When I took charge, in the beginning of 
1897, I discovered that the cause of the difficulty was due to the top 
of the charge being held too low in the shaft of the furnace and on 
carrying the charge a little higher the trouble immediately disap- 
peared. 

The normal charge was calcined ore only and the sulphide in the 
above average represents occasions when by especially good roast- 
ing of the coarse ore the sulphur ran below that required and sul- 
phide ore was added to the charge to bring the matte down to the 
normal grade. In the reverse manner, if the coarse sulphide had 
not been so well roasted, the grade of matte fell below the normal 
and had to be re-treated ; and thus raw matte appears in the average 
charge. The furnaces ran with remarkable regularity and ease ; but 
the heap roasting was an unsatisfactory feature. The fine sulphide 
had to be roasted in mechanical furnaces and briquetted. Occasion- 
ally when the supply of calcined ore ran short, all-pyrite charges 
were run; but always with the production of a low-grade matte 
that required two or three re-smeltings to be brought to the normal 
gfade, of 40 to 45%. No attempt was made at that time to reduce 
the coke on the pyrite charges and the operation was, therefore, not 
economical; it seemed that, owing to the inability to secure a 
reasonable concentration, the all-pyrite smelting could not become 
an economical practice. Later, the roasting of the coarse sulphide 
ore was entirely abandoned and the fine sulphide was roasted per- 
fectly and a mixture of coarse sulphide (pyrite) and well roasted 
fine sulphide enabled a 40 to 45% matte to be produced economically. 
Other attempts to run all-pyrite charges, this time again with the 
aid of hot blast, did not succeed, owing to the old difficulty of low 
concentration; and when the coke was reduced to about 3% the 
furnaces quickly closed up with obstinate accretions. The practice 
of running all-pyrite charges was abandoned at that time, chiefly 
owing to the unsatisfactory oxidation of the charge. Many mis- 
takes, as afterward discovered, had been made in the make-up 
of the charge ; among other evils, the furnaces were overloaded with 

The first attempt at all-pyrite smelting failed because it was not 
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then realized that the coke then being used could be reduced and 
that, being counter-active to oxidation, its presence prevented the 
required concentration of the pyrite into high-grade matte. With 
9 to 10% coke on a charge of pyrite, a 12 to 15% copper matte ran 
through the furnaces like water. Being intensely hot and liquid, 
the ganister and fire-brick lining was eaten away and the hot, low- 
grade matte was frequently bursting out from the furnaces, pro- 
ducing explosions. The amount of air in the blast was only sufficient 
for the combustion of the coke. 

When the first serious attempts were made to run all-pyrite 
charges with hot blast, with only the amount of coke absolutely 
necessary to keep the matte and slag running, a charge was made 
up, of which the following are two examples: 

Per cent. Per cent. 

Cupriferous pyrite 58.7 60.0 

Raw matte 4.3 3.2 

Fluxes 16.6 10.0 

Slag 20.4 26.8 

Coke in charge 2.0 3.5 

Copper in matte 18.7 18.7 

The runs were of short duration because in from 5 to 10 days the 
obstinate accretions threatened to close up the throat of the furnace 
entirely and, to prevent a freeze-up, the charge was modified. 

It must be admitted frankly that the above mentioned attempts, 
at all-pyrite smelting were purely empirical and in no sense founded 
upon scientific reasoning. Had the experiments been varied as re- 
gards the proportion of inert heat-absorbing slag, reducing this 
to a minimum, no doubt it would have been then and there demon- 
strated that such charges would run entirely without coke and the 
concentration would thereby have been somewhat better. But 
those were not our scientific days of pyrite smelting. 

However, the advantage of hot blast in the case of a composite 
charge of coarse sulphide and well calcined fines was abundantly 
proved, and hot blast was adopted for all furnaces. It was imme- 
diately seen that the hot blast, other conditions being equal, enabled 
the furnaces to run one-fifth faster with the use of one-fourth less 
coke and produced 25% higher grade matte. This was the result of 
being able to take off from the charge so much de-oxidizing 
enrbou. 

The composite ehnrtje of sulphide and well roasted fines was 
then smelted with hot blast in a two-stage process. The first- 
stage furnaces carried the following average charge: 
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Per cent. 

Calcined ore 26.1 

Cupriferous pyrite 35.5 

Flue dust 9.7 

Slag 14.5 

Fluxes 14.2 

Coke in charge 4.0 of total burden 

Copper in matte 31.0 

This matte was re-smelted with some sulphide and calcined fin'^ 

ore in a charge, of which the following is typical: 

Per cent. 

Calcined ore 31.4 

Cupriferous pyrite 8.7 

Raw matte 26.7 

Slag ." 13.3 

Flux 19.9 

Coke in charge 5.3 of total burden 

Copper in matte 53.5 

The final average charge of all the furnaces, both first and second 

stage, was now: 

Calcined ore 28.8% 

Cupriferous pyrite 24.9% 

Raw matte and flue dust 14.7% 

Fluxes 17.3% 

Slag 14.3% ' 

Coke in charge 5.2% of total burden 

Copper in matte 53.5% 

Rate of runnmg 8 tons per sq. ft. of furnace are per 24 hr. 

Blast 28V^ oz. 

It will be seen that a notable economy of coke had resulted. The 
make-up of the charge on all furnaces was one that produced the 
smoothest running. Long campaigns were the rule. The rate of 
driving had increased. This was partly due to the increased blast 
pressure and partly to its increased temperature. 

During the attainment of these results I had been endeavoring to 
secure some information respecting the necessary and minimum heat 
requirements of a copper-smelting furnace and to ascertain the 
minimum amount of pyrite that must be oxidized in a given time 
in such a furnace to furnish the heat requirements. It was evident 
that the amount of air required was necessarily more than that 
which we are in the habit of calling the 'theoretical', meaning that 
which would be required to furnish the amount of oxygen indicated 
by the equation FeS, plus 50 equals FeO plus 2SO2, because that 
reaction would cease when the tension of the SO2 reached a degree 
much inferior to that indicated by the equation. Finally I became 
convinced that the calorific value of pyrite as a fuel was sufficient 
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for its self-smelting; again I made attempts to run pyrite charges 
without carbon fuel, but invariably failed because of the incredulity 
of my staff who were firmly convinced from past failures that it 
was impossible. 

Finally, to convince those operating the furnaces and to induce 
them to effect the required result of their own volition, it was de- 
cided to order it to be done and forbid the use of any coke in the 
charge except that needed for starting the furnace, it being under- 
stood that if the furnaces froze up the general manager would hold 
himself responsible, and that the crew could have the fun of dig- 
ging them out. 

As a result it was quickly demonstrated that pyrite could be smelt- 
ed without coke and monthly furnace runs with an average consump- 
tion frequently of only 0.1% coke and lower, which coke was only re- 
quired to start the furnace, became the practice with this charge: 

Cupriferous pyrite 74.3% 

Flue dust 9.0% 

Slag 2.8% 

Fluxes 13.9% 

Coke in charge • 0.32% of total burden 

Copper in matte 26.8% 

Rate of running 8.75 tons per sq. ft. furnace area 

If it had been then convenient to convert this grade of matte 
direct to blister copper the smelting might have easily stopped 
there. The matte resulting from this charge was, however, all re- 
smelted in a charge of the following composition : 

Per cent. 

Calcined ore 8.8 

Raw matte 19.4 

Cupriferous pyrite 31.1 

Flue dust 6.4 

Slag 18.4 

Fluxes 15.9 

Coke in charge 4.3 of total burden 

Copper in matte 41.8 

The average of all furnaces was: 

Calcined ore 4.3% 

Cupriferous pyrite 51.5% 

Raw matte 10.6% 

Flue dust 6.3% 

Slag 11.9% 

Fluxes 15.4% 

Coke in charge 2.7% of total burden 

Copper in matte 42.0% 

Rate of running 8.83 tons per sq. ft furnace area 

Blast 32.2 oz. 
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The smeltiug of pyrite to 27% matte had therefore been finally 
carried out in blast-furnaces on a large scale without the aid of 
coke. So far, attempts to carry it along, without the use of heated 
blast, have failed. It will be noted that the furnaces run very 
fast ; that is apparently one of the conditions of success. The amount 
of fuel used in heating the blast is equal to about 1 to lVi% coke. 

It now having been fully demonstrated that the furnaces would 
run without coke with a sulphide charge of the right composition, 
efforts were made to force the concentration so as to produce a 
35% matte in the first stage and to convert this to blister copper 
direct without the intervention of a second smelting stage, and to 
smelt the fine sulphide direct without preliminary calcination and 
bricking, which latter process is very expensive. 

This object was achieved, but the one and only smelting stage 
had then to clean the converter slags and work up all the fine 
sulphide ore, the flue-dust and the furnace cleanings; therefore the 
average furnace charge of sulphide ore became somewhat diluted to: 

Per cent. 

Cupriferous pyrite, including fine 65.69o 

Flue dust 8.0% 

Slag and furnace cleanings 12.1% 

Fluxes 14.3% 

Coke in charge 1.8% of total burden 

Copper in matte 33.7% 

Rate of running 8.75 tons per sq. ft. furnace area 

Though the furnaces would often run without coke, the slightly 
heavier burden of inert material and lessened amount of sulphide 
ore on the charge seems to necessitate the occasional use of a 
trifling amount of coke. However, the operation, being reduced 
to one stage of smelting, is much simplified, and the lower grade 
of the matte adds but little to the cost of the converting depart- 
ment, and there is the advantage that the whole of the slag is dis- 
carded at the lowest tenor of copper, and that the whole of th(! 
fine sulphide ore is smelted without previous calcination and brick- 
ing. 

The two great difficulties in the practice of pyrite smelting are 
the obstinate and rapidly forming accretions, tending to close up 
the furnace, and the low-grade matte produced. In reviewing any 
average of charges it is always seen that the consumption of coke 
varies inversely as the percentage of sulphide ore. Broadly, the 
addition of each 25% sulphide ore in the charge with hot blast is 
equal to a reduction of about 2.5% coke. The calorific value of 
carbon is a little more than four times that of FeS, burned to 
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FeO ai J b\^2> ^^^ y^^ it requires ten times more pyrite than coke to 
keep up the smelt in <( temperature in the blast-furnace. The fol- 
lowing average results of large quantities smelted in several furnaces 
will illustrate the relative practical values of pyrite and coke in 
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24.9 


5.2 


53.5 


32.1 


5.1 


52.4 


45.7 


3.4 


46.3 


51.5 


2.7 


42.0 


58.5 


2.3 


59.6 


74.3 


0.3 


26.8 



The calorific value of one unit weight of carbon burning to COo 
is 8.08 calories; that of a unit of pyrite, or PeSj, burning to FeO 
and 2SO2 I have calculated as 1.976 from a statement that has been 
made by Schnabel* that the heat of combustion of FeSj oxidized to 
FcoOg and 2SO2 is 2.253. This result appears to be high if that of 
FeS to FeO and SO^ is correctly given in the text-book, at 1.29 cal- 
ories (113.6 calories per molecule). 

Pyrite as fuel has disadvantages. Its sulphur burns in a frac- 
tional manner or in three stages. On first heating, one-third 
of the sulphur is lost and FcgS^ is left. On further heat- 
ing, FeS is formed with the loss of one-sixth of the 
original sulphur. The loss of one-third of the sulphur at a relatively 
low temperature on the top of the charge is the cause of the 'hot 
top' so troublesome in pyrite smelting. This sulphur burns on top 
of the charge, and while it adds something to the temperature of 
the freshly charged material it is not as efficient as if consumed 
lower down in the furnace or in the smelting zone. One-sixth of 
the sulphur is evolved between the period of the formation of the 
Fe3S4 high in the furnace and that of the matte, and must be con- 
sumed at some point low^er than the first third. The FeS is now 
free to burn m hJoc in the smelting zone. This long-drawn out and 
fractional combustion while lowering the temperature of combus- 
tion is also the cause of the troublesome scaffolding, the accretions 
formed to pieces and particles of the charge which, being exter- 
nally semi-fused, build up from the side of a dense mass of unfused 
material through which the blast cannot penetrate. 

FeS is stated to have a heat of combustion of 1.29 calories, which is 
equal to 0.95 calorie per unit w^eight of the original pyrite. If the 



*Lehrbuch AUge. Huttenkunde, page 101. 



KECENT COPPER SMELTING 8/ 

pyrite charge had only to depend upon the heat of combustion of 
the FeS which results from the melting of pyrite, the practical 
result (given above) that the oxidization of an amount of FeS equal 
to 50% of the charge enables the smelting process to go on, by itself 
so to speak, can be compared with coke in the following way : Five- 
tenths of a unit weight of FeSo burning as FeS at 0.95 calorie equals 
0.475 calorie per unit weight of charge. This is equal to 0.059 
carbon or 0.071 coke with 83% carbon; in other words, the FeS 
component of pyrite consumed should, by a comparison of the re- 
spective heats of combustion, be equal to 7.1% coke on the charge. 
It would, therefore, appear from practice that the easily freed sul- 
phur of the pyrite is not of much value as a smelting fuel. 

The development of only a few years has revolutionized copper 
smelting, reducing it to an almost absolutely automatic process in 
which three agents are required; that is, cupriferous pyrite, flux, 
and heated air. With a properly balanced supply of these three 
agents, the oxidation and slagging off of the iron can be accom- 
plished in two stages and with one continued heating, and in a 
couple of hours the copper can be separated as blister copper from 
cupriferous pyrite. The ancients could only have accomplished this, 
either empirically or by accident. They did neither. The moderns 
certainly should have been able to achieve it ere they did, because 
the results of chemistry or physics, if properly applied, would long 
ago have demonstrated the limits within which the process of 
pyrite smelting was possible. 

It has already been shown how successive increments in the 
proportion of pyrite to the total smelting burden of a blast-furnace 
were attended by a corresponding decrease in the quantity of coke 
required as accessory fuel in the smelting process and at the same 
time in the grade of matte produced. 

The grade of matte obtained in the smelting of calcined pyritous 
ores depends chiefly upon the amount of oxidized iron in the charge 
or. conversely, upon the proportion of iron sulphide, that is, it is 
determined by the amount of * solid' oxygen in the charge or by 
the proportion of * solid' oxygen to sulphide. It depends also upon 
the amount of gaseous oxygen left over after the carbon of the 
coke has been satisfied and, to some extent, upon the grade of ore; 
but in the case now under discussion the influence last mentioned 
may be neglected, because on an average it remained constant, and 
we are not dealing with abnormal results. 

It will be interesting to consider for a moment what the oxidation 
by 'solid' oxygen means in practice. To burn an equivalent of 
FeS to FcgOj and SOg with the solid oxygen of Fe.Oa, as in the old 
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smelting and roasting processes, it is necessary to have ten equiva- 
lents of FcjOa to one of FeSj, or twenty of oxidized iron to one of sul- 
phide iron.* It was impossible to arrive at this degree of oxidation 
in a single heap-roasting, or in any economic reverberatory roast- 
ing of lump or fine ore in one stage; it could only be achieved in 
the slow oxidation of the burners at sulphuric acid works which 
use the purer forms of pyrite. On account of this difficulty in 
oxidizing so large a proportion of the iron of pyritous ores, the 
old processes employed so many successive roastings and smeltings. 

It is only very lately that the blast-furnace has been used as an 
oxidizing furnace in its fullest sense, and I cannot doubt that if 
metallurgists will deliberately set themselves the task of pushing the 
use of the blast-furnace to its limits as an oxidizing method, they 
will attain results verv different from those to which thev have 
been accustomed ; then pyrite smelting in one stage, before convert- 
ing to blister copper, will become general practice. 

The results already given show the relation between the grade of 
matte and the coke consumption. Grade of matte in such a case 
represents in a general way both classes of oxidation, namely, by 
solid oxygen as Fe^,0:i or gaseous in the air-blast. 

The following table shows the relation of coke consumption and 

grade of matte in the case of cold blast. Monthly averages over 

a long period were arranged in groups according to the grade 

of matte produced from the same ore and with the same general 

working conditions: 

Cold Blast. 

Coke to total 

burden. 

% 

7.6 

8.2 

8.65 

8.7 
41.9 9.2 

53.0 10.2 

65.2 15.1 



Copper in 
matte. 



% 



22.7 
28.5 
33.0 



•>7 7 



Number of 
months in 
average. 
9 
12 
11 
S 
17 
8 
3 



It is important also to consider the relation between the sulphur 
in the charge and the grade of matte produced and the coke con- 
sumption ; this can be seen in the following table of results, each 
being the average of one month's furnace work: 



♦Because FeS can only reduce FeA to the magnetic oxide of iron, FeA- 
See Enff. <€ Min. Jour., Nov. 1, 1913. 
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Cold Blast, 


* 


Sulphur in 


Copper in 


Coke of total 


charge. 


matte. 


burden. 


% 


% 


% 


24.5 


20.1 


6.8 


22.8 


19.3 


7.1 


19.5 


24.6 


8.5 


17.0 


26.4 


7.7 


13.6 


41.4 


10.2 


7.7 


60.9 


16.3 


6.8 


69.4 


15.7 



When hot blast was first tried at Keswick it was quickly realized 
that the coke consumption could be cut down with increase of 
furnace capacity and, though there were some defects in the design 
of the hot-blast stove that caused the speedy destruction of the 
front iron pipes, a better design entirely remedied this trouble. 

A six months' comparison of hot and cold blast brought out the 

following results: 

Coke to Copper in Tons smelted 

burden. matte. per sq. ft. per 

% % 24 hours. 

Hot blast 6.83 49.2 6.91 

Cold blast 9.10 40.3 5.87 

But to render the comparison complete the consumption of coke 
with cold blast must be corrected to the same grade of matte made 
by the hot blast. The coke consumption so corrected is 9.9%. The 
actual saving with hot blast is therefore 3.07% of coke with 18% 
increased furnace capacity. 

The hot blast brings with it an increased activity ; that is one 
of its merits. There is still another and even more important ad- 
vantage ; with cold blast it was only on rare occasions that unroasted 
ore could be carried on the charge to make 42% matte, while with 
hot blast over 50% of the charge could consist of unroasted ore 
to make the same grade. The attitude of metallurgists in this 
country toward the use of hot blast in copper smelting is not on 
the whole cordial, because there have been some failures, perhaps 
due to the defects in the design of the hot-blast stove, and in other 
ca.ses the saving of the coke may be unimportant ; but the advantages 
under Keswick conditions were too apparent on its first trial to 
allow of its aid being rejected. 

It will be useful in this discussion to consider for a moment the 
case of hot blast in iron smelting. Though in the latter case a much 
greater economy can be shown than in copper smelting, yet the 
cases are not chemically parallel. When Neilson conceived the 
idea of hot blast he must have been guided by an instinctive feel- 
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iiig that higher temperature would mean increased furnace activity, 
but he could not have foreseen all that happened. It is well known 
that chemical reactions are promoted enormously by increased 
temperature. Combustion proceeds so much more rapidly as the 
temperature rises, up to a certain degree of course, which we do 
not reach in practice, when the counter effects of dissociation are 
felt. Any practical man would know this. When we come to 
analyze the results obtained, \^e find that the most remarkable 
economy of hot blast in iron smelting was not only that which was 
the natural result of working at a greater speed due to a higher 
temperature, but was traceable to another cause that had been un- 
suspected. 

In a case cited by Lowthian Bellf the raising of the blast tempera- 
ture from 25° C. to 485° C. resulted in the furnace running 2^2 
times as fast, and this increased activity, which in itself is most im- 
portant, was accompanied by a reduction of coke from 62.6 to 44.5 
cwt. per ton of pig produced. 

The cold blast required 111.18 and the hot blast 104.34 CaloriesJ 
per unit weight of pig. The difference of 6.84 Calories is not large 
and would in itself not have been remarkable had that been the 
whole story. The faster running due to the higher temperature 
brought about an economy of only 2.77 Cal., due to the lesser effect 
of losses by radiation, cooling water, etc., when running fast: and 
that is about all the heat economy an examination of the analyzed 
heat balance-sheet will show as the physical result of the increased 
activity of the furnace due to hot blast. It was discovered, how- 
ever, that one unit weight of coke, instead of producing 2.73 Cal. 
as it did if burned with cold blast, produced 3.66 Cal. with the hot 
blast. Here was an enormous economy. The coke was required not 
only for its physical effect in maintaining a working temperature, 
but to produce CO to react with the ferric oxide to reduce it to 
metallic iron, and under the conditions of cold blast the carbon was 
oxidized in the proportion of 6.12 units of CO to one unit of COo. 
With heated blast, the ratio fell to 3.74 units of carbon as CO to 
one unit as ('Og. It is this much smaller ratio of CO to COo (since 
much improved) that accounts for the production of 34% more 
Calories per unit weight of the coke used in the case cited above, 
of hot blast in iron smelting. 

In our case the carbon, instead of playing a necessary role, is 



iiJournal of Society of Chemical Industry Vol. IX, p. 691. 
$The Calories used in this article are the big Calories usually spelled with 
a big C; that is, 1000 grams water raised 1° C. 
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f'juuter-iiclivp to pyriti! smeltiuj^ jidiI miiMt lie kepi out of the furnace 
as much as possible. It is an expensive middleman, and for the 
work it il(n>s in promoting production of temperature, exacts too 
high a commission in the shape of the oxygen of the hlast. 

More recently, Qftyley, working with iron fnrnaces. has demon- 
strated, hy large scale practice over Jong periods, that by drying 
Ihe blast an extraordinary economy is attained, namely, nearly 20% 
I'f lhe coke consumption. One-third of this economy is explained 
liy .1. W. Richards to be due to the more economical ratio of car- 
Ixm monoxide to carbon dioxide, that is, 1.24 with dry blast in place 
iif 1. 1)1 with moist hlast. The immediate effects of a lower ratio 
between carbon monoxide and the dioxide are an increase in heat 
[Toduction with the same amount of coke, and a decrease in the 
^imount of oxygen and blast re(|nired, and the losses that the niois- 
nire in this and the heating of the diluting nitrogen entails. 

In the future smelling of cupriferous pyrit#, carbon will play a 
siibsiTvii-nt part. 

I will now review what was finally done at Keswick hy keeping 
coke off a pyrite charge and pre-heating the blast. All the ore, both 
tine and eoarse, was smelted direct in the blast-furnace instead of 
four-fifths undergoing a preliminary outside roasting. For the 
production of 34% matte the coke was reduced from 8.7 to 0,1% 
Kand the furnace capacity was largely increased. 

cmld have appeared paradoxical in the days before hot blast 
Iras a|iplied to iron smelting, to state that hot blast would result 
!orromy of U0% of the fuel, because it was not then known 
ihat the carbon ratio would be so favorable. In onr ease, we knew 
lefon-hand that taking oflT carbon from the charge Wfiuld promote 
I oxidation of the pyrite by gaseous oxygen, and it was quite 
uonable to believe that carbon burned nutsi<le the furnace to 
he4it the blast would, by reason of the introduction of its heat 
ilirectly into the smelting zone with the blast, be productive of a 
more ecomunical and active result than by its introduction at the 
top of the furnace, where some portion of it is consumed before 
reaching the actual seat of operations. Tt is for that reason we 
fonud in our work, with partly calcined charges, that one nnil 
weight of carbon burned outside the smelting furnace to heat the 
blast would replace three parts burned inside the furnace. In the 
futnre. by suitable design, the heated gases issuing from the top of 
_.the furnace will be made to heat the blast, and then, by forcing 
lie oxidation, a matte of high enough tenor for converting will be 
roduced in one operation without coke. In order to carry on fhi.s 
iperfltion without cuke it is evident that there must be a certain 
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amount of oxidation of the pyrite, and it will be my object now to 
show in practical terms what is the import of this necessary and 
minimum oxidation. 

From practical results, I find that when the furnaces are running 
without coke, the charge contains so much sulphur and so much 
iron as sulphide, and of this^ sulphur about 77.5 to 90% is elimi- 
nated as SO^,. The furnace also must run at a certain speed, say, 
at the rate of 8 to 11 tons of total burden per square foot of hearth- 
area per 24 hours. 

In the self-smelting of pyrite there are two governing factors, 
namely, amount of inm and sulphur oxidized per unit weight of 
charge and the number of unit weights of charge smelted per unit 
of time. 1 propose to examine these factors and to give them a 
simple practical expression. 

When pyrite is introduced into a smelting furnace, one-half of 
the sulphur might be eliminated by the heat alone, and this sul- 
phur might rise to the top of the furnace and there bum to SOj 
with air drawn in below the hood. In practice, only a trifling 
amount of sulphur escapes combustion there. Thus we could con- 
vert the FeSa ^o FeS by the elimination of 50% of its sulphur, and 
but a trifling amount of useful work would have been done toward 
the concentrating of the ore into matte. It is only after 50% of 
the sulphur has been eliminated and the iron, as well as the sulphur, 
is burning, that the really useful work of concentration com- 
mences. Let us assume a sulphur elimination of 90%. That would 
mean an oxidation of 80% of the iron combined with the sulphur 
in the form of pyrite. It is found in practice that a charge con- 
taining 30 to 33% of its weight as sulphur, which sulphur is practi- 
cally combined with iron as sulphide, will run without coke under 
proper conditions of air-supply, etc. 

The sulphur elimination will vary, of course, within certain not 
very wide limits. If, with a charge containing 32% of sulphur as 
sulphide, 90% be oxidized, then 0.288 of a unit weight of the furnace 
charge will be eliminated as SO^, and there should be a correspond- 
ing oxidation of 0.224 of iron which goes into the slag as FeO. 
We can neglect the small amounts of magnetic oxide of iron in the 
matte and metallic iron in the slag. It is a difficult and complicated 
matter to get a chemical control of the iron of the charge, part of 
it being oxidized iron in the converter-slag and flue-dust, and there 
will also be errors in the sampling of the several components of 
furnace charge and products. To obtain an absolutely correct 
balance sheet of the elements of the charge through all the opera- 
tions is certainly not a simple task. 
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In the case of an actual charge containing 31.62% sulphur that 
was running satisfactorily without coke, it was found that 27.8% 
was lost to the solid products, and presumably in the furnace gases, 
as SOj. The iron was 33.25% of the charge, but 5.86 of this 
amount was calculated from the analyses to be already oxidized, 
leaving 27.39 as the sulphide iron principally as FeSj. The slag, 
allowing for the 5.86 of iron already oxidized, accounts for an 
oxidation of 21.8 of the iron per 100 of charge. 

In almost every case examined there has been a fair agreement 
between the sulphur and the iron oxidized, allowing for the 
residuum of FeS that is left on the combustion of the FeSo, which 
combustion, of course, is not entirely completed in the blast-furnace. 

In the self-smelting of pyrite it is found that from 0.23 to 0.27 
sulphur per unit of charge must be eliminated as SO2 in the furnace 
gases and that from 0.19 to 0.25 iron must be oxidized in the furnace. 
In a case of partial pyrite smelting the respective amounts of sul- 
phur in the charge and oxidized were 0.23 and 0.17 ; this was not 
sufficient for self-smelting and 4% coke was used as an auxiliary 
fuel. 

In the discussion of such technical processes, especially during 
their early development, when complete scientific investigations are 
wanting, we require some general practical expression of require- 
ments and efficiencies ; it is something to the practical man to have 
these; to know, in short, that there is a working requirement of 
sulphur and iron as sulphide on a charge, and that of this a certain 
percentage must combine with the oxygen of the blast to furnish 
the heat for the process. I shall state the necessary sulphur com- 
ponent of the charge as 30 to 33% or that one-third of the charge 
must consist of sulphur with its corresponding amount of iron, 
which latter for pyrite is about 28% of the charge. 

It is necessary for self-smelting that of this necessary minimum 
of sulphur, which naturally will vary within narrow limits under 
diflferent circumstances, about 80 to 90% should be oxidized. For 
every pound of charge one-quarter pound of sulphur must be burned 
to SO2 and one-third of a pound of sulphur as metallic sulphides 
.should be put on the charge. 

There are two other features of this smelting process that re- 
quire attention and reflection : One, into which the element of 
time enters, is the speed of smelting. This determines the total 
heat production which must be sufficient after all the losses have 
taken place (and these will not all vary in proportion with the 
speed of the furnace) to discharge the matte and slag from the 
furnace spout at a temperature, say, about 1250°C. so as to allow 
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of their being handled in settlers, launders, ladles, etc. The speed 
or rate of running of a furnace can be expressed by tons of charge 
smelted per 24 hr. per sq. ft. of hearth-area. In my experience 
in the self-smelting of pyrite from about 8 to 9 tons, running up to 
11 tons on occasions, and not falling below 6.5 tons, are required. 
A practical expression of necessary furnace speed is therefore about 
8 to 9 tons This is much higher than the usual practice with 
coke-aided smelting, nine tons per 24 hr. per sq. ft. is close to 
12.5 lb. per minute. 

In one instance the respective amounts of iron and sulphur 
oxidized per unit of charge were found to be 0.22 and 0.28; there- 
fore the weight of iron and sulphur respectively being oxidized 
per square foot of hearth-area per minute were : 

12.5 multiplied by 0.22 equals 2.75 lb. iron 
12.5 multiplied by 0.28 equals 3.50 lb. sulphur 

The oxygen required for these quantities is; 

2.75 multiplied by ^ equals 0.78 lb. oxygen 
3.50 multiplied by 1 equals 3.50 lb. oxygen 



Total 4.28 lb. oxygen 

The furnace results, and I am citing from an actual case, show 
that 4.28 lb. oxygen were being taken to convert the sulphur to SO^ 
and the sulphide iron to FeO per minute per square foot of hearth- 
area. 

It is now time to consider how much air is required to furnish 
this amount of oxygen, and it must be remembered that its efficiency 
in burning sulphides is not 100%. If pyrite burned according to 
the equation 2FeS2 plus 110 equals FeaO., plus 4SO2, i^ should give 
a gas containing 16% SOo, or, if the iron burned to FeO, a gas 
containing 17.5% SO., making no allowance for the trifling amounts 
of SO3 formed. I have repeatedly investigated this matter with 
burners in acid works, with roasting and smelting furnaces and 
converters, and in the laboratory ; and 1 doubt very much whether 
any such gas can be obtained. 

When the SO^ reached 12% of the furnace gases the combustion 
of the sulphide ceases. As a result of these investigations and 
from practical experience I believe that 70% is about the outside 
efficiency of air in roasting or smelting pyrite, and I will adopt this 
factor of efficiency for the present and calculate the amount of air 
required for the 2.75 lb. iron and 3.50 lb. sulphur oxidized per 
min. per sq. ft. of hearth-area. One pound of oxygen is contained 
in 55 cu. ft. air at 72° F. At an efficiency of 70% there was re- 
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[Birpd: for the above anioimta of iron and siilphii 



0.7 



9M:-i I 



. ft. 



equal 
: foot of 



. air. Call lliis 350 tin. ft. of air per aquare I 
Elieiirth. A furtiai^u of 44 sq. ft. in pyrite smpJting will, under the 
I «on<Iitions of the example cited, require 44X350 or 15,400 cu. ft. air 
7 per minute. 

It has hfen shown iu this article that for the self-smelting of 
■pyrite, a eertaiii i|uaiitity of iron and sulphur must be smelted per 
unit of hearth-area, and that, because all the iron sulphide" on the 
charge will not be oxidized, a certain excess, over and above the 
(juantily n-qiiired fur the heat production, must bi? contained in 
tile eharge, aud it is hoped that enough details and explanation 
have been yiven to make it clear why the man who startE out to 
sunelt pyrite without providing a certain amount of air cannot ex- 
pect to suecied in dispensing with coke or in attaining an economi- 
cal degree uf concentration. 

The specific heats of pure substances and their latent heats of 
fusion have been determined in some eases with extreme accuracy 
and we use these values iu our practice, but in our industrial practice 
we are not often dealing with pure substances aud a small amount 
of impurity may cause important deviations in their physical prop- 
erties. It is this application of an accurate physical detcrmiuntiun 
of a highly specialized case to the more or less impure bodies en- 
countered in practice that we call theoretical. What are called 
■practical' results have, generally, more mterest for practical men 
than those commonly termed 'theoretical,' though the latter, used 
in a proper manner, are useful in controlling and guiding our 
t practice; and the technician who studies the why and the wherefore 
[ pf practice gladly avails himself of the illumination and suggestion 
[■of the so-called theory. There is no gainsaying practical results. 
L'Eeonomically they may be good or bad, but they are something 
I'tbat really happens, and practice will long remain unbending be- 
■iCore the most attractive theory. The examination of our practical 
kesults by the oblique light of theory often brings details into re- 
Elief that may escape the sight when viewed in the dim perspective 
Bncidental to our daily work. Standards of possible efficiency en- 
nourage the inventor to progress, and further, the control of practi- 
nal results by the accurate data of science often serves to reveal 
Bktoss errors in our practical determinations and indicates the* 
■direction to that highest possible efficiency after which we are striv- 

I "ThlB term Is used to iodude both FeSi and the realduum ot Fe8 left by 
Bthe partial oxidation of the former. 
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ing. No excuse will be required for an attempt to examine the re- 
sults obt<iined in practice by the light of science, remembering of 
course that the physical constants we use are merely the nearest ap- 
proach reached in each case by experiment, and apply to bodies in 
a high state of purity. 

How far is it possible, for instance, to study the comparative 
calorific values of coke and of iron sulphides? It should be easy; 
but it must be remembered that the endowed departments of science 
have not yet determined for us all the physical constants we need 
and use, and that we, in the haste of output, cannot determine for 
ourselves. 

There are certain fundamental data — such as the heat of com- 
bustion of the iron sulphides, of sulphur, and of carbon — that we 
can use to explain our practice of smelting and these are stated in 
different kinds of calories or in British thermal units (B.t.u.) 

The calorie (cal.) is often defined as that quantity of heat that is 
required to raise one gram of water from 0° to 1** C. ; but the thermo- 
chemical e(iuation contains a universal definition that will be found 
more useful for our purposes. For example, the equation 

C + 02=96,960 cal. 

states that 12 parts by weight of carbon uniting with 32 parts by 
weight of oxygen generate a quantity of heat that will raise 96,960 
parts by weight of water from 0° to 1° C. These parts can be any 
weight-unit — tons or grams, pounds or kilograms, ounces or hun- 
dredweights — the only condition being that the weight-unit used 
shall be the same on both sides of the equation. 

The big calorie (Cal.) contains 1000 small calories (cal.). 

The above ecpiation is therefore often (in round numbers) written 

C + 02=97 Cal. 

The big Calorie (Cal.) is the one used in this article because it is 

much more appropriate for technical purposes than the small one. 

unless it may be for stating the specific heats of substances when, 

because of the small (juantities of heat involved, the small calorie is 

less einnbersome. 

Per unit-weight 
of sulphur. 

(1) Fe -f 0=66.4 Cal 

(2) FeS -f 30=113 Cal 8.55 Cal. 

(3) FeS, -f 50=237.3 Cal 3.70 

(4) FeS -h 10Fe/),=^*86.2 Cal -J8.69 

(5) S -f 0:^=71 Cal 2.22 

♦i.e. FeS + lOFe^O, = 7Fe,0, -f SO, 

23.8 10 X 199.4 7 X 265.8 71 = -86.2 



«< 
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Per unit-weight 
of carbon. 

(6) C + 0,=96.1 8.08 *' 

(7 ) Coke with 83% of carbon=: 6.71 * 

The number above given for FeSj is open to some doubt, but it is 
the best available. By analogy with some other metallic sulphides 
the heat value of the sulphur of the bisulphide should be less than 
that of the monosulphide. By comparing the two iron sulphides on 
the basis of the unit weight of sulphur, we find they do not differ 
much and no great harm will be done if we adopt the value of 3.55 
Cal. for both, for present practical purposes, until the value for 
FeSj has been confirmed; and it is interesting to note that the 
oxidation of ferrous sulphide by means of the solid oxygen* (as in 
the time-honored case of the smelting of a mixture of sulphides and 
roasted sulphides or what is the same thing in this sense, namely, 
imperfectly roasted sulphide) by equation 4 absorbs 2.66 Cal. per 
unit-weight of sulphur. Prom equations 2 and 6 we learn that one 
part of sulphur combined with iron is calorifically equal to 0.44 part 
of carbon or to 0.53 part of coke containing 83% carbon. How 
far is this relation approximated in practice? 

In smelting mixed charges of pyrite and roasted pyrite with cold 
blast the coke consumption varies with the same make-up of charge, 
not because of variations in the composition of the charge, but ac- 
cording to the condition of the furnace. With hot blast the 
furnaces did not exhibit as much variation in this respect. To make 
a comparison between coke and sulphur, it is necessary therefore to 
obtain averages, by combining a large number of monthly furnace- 
runs, in order to compensate for the variable outside influences which 
appear to be working in one or other direction. In the following 
table are given results obtained by averaging several monthly runs 
in which the sulphur content of the charge was much the same for 
a set ; and I hope that in this manner the fuel relation that exists in 
practice between the sulphur and the coke may be emphasized. All 
the sulphur in the unroasted ore is calculated as FeSj and all that in 
the roasted ore, slag, flue-dust, etc., as FeS. The sulphur combined 
with the copper is considered in the same manner as if combined with 
iron, and no inconvenience will be found to result from this as- 
sumption because we are concerned with that portion of the sulphur 
of the charge that becomes oxidized in the smelting process and not 
with the whole amount, and it will be appreciated that this amount 
consumed cannot be combined with the copper because that portion 
must be left for the matte. The small amount of zinc sulphide 
present will also not interfere with this method of examination of 
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the fuel-effect of the combiued sulphur of our charge, because its 
sulphur has the value of 3.57 Cal., which is about the same as that 
of the sulphur of FeS. In the table the results are calculated to 
unit-weights of sulphur and coke per 100 unit-weights of the actual 
average charge. The grade of the matte is also given. 

Rei^tion Between Sulphur and Coke, Using Cold Blast. 

S in S in Total sul- Cu in Furnace 

FeS, % FeSs,% phur, %. Coke, % matte, %. months. 

A 13.5 2.2 15.7 8.92 34.8 4 

B 11.7 6.8 18.5 8.55 29.4 6 

C 12.8 7.1 19.9 8.43 27.9 4 

D 7.5 17.5 25.0 7.88 22.8 4 

The replacement of roasted pyrite by the raw pyrite is attended 
in the above practice by an increase in the total sulphur, a diminution 
of coke, and a lower grade of matte. Of the total sulphur, 70% was 
oxidized to SOj. 

On comparing the extreme members of the table we find that one 
unit-weight of sulphur oxidized replaced 0.159 part coke. From the 
heats of combustion, it should have replaced 0.53 part coke contain- 
ing 83% carbon if oxidized by reaction (2) and 0.4 coke if by 
reaction (4). Comparing results A and C in the above table, we find 
that a difference of one unit-weight of sulphur oxidized replaced 
0.166 coke instead of 0.53 or 0.4 respectively, as indicated by theory. 
Comparing A and B, which are rather close together, we find that 
one unit of sulphur replaced 0.188 part coke. Here are practical re- 
sults of great uniformity, as such evidence goes, in the fuel relation 
between the sulphur and coke. It must not be forgotten that the 
grade of the matte is progressively varying in the above tabulated 
results, and also that some of the oxidation of the sulphide was 
taking place by means of the reaction between the ferric oxide of 
the roasted ore and the sulphide which in equation 4 equals 2.66 
Cal. per unit-weight of sulphur or 0.4 coke containing 83% carbon. 
Of course the unit-weight of sulphur in question was producing heat 
in the furnace equal to 0.53 or 0.4 coke, according to whether it was 
oxidized by solid or gaseous oxygen, but it did not replace the 
amount of carbon it should have done. Only an examination of a 
thermal balance sheet would reveal why it did not do so, and it 
may be that by nursing the coke when the increased amounts of 
pyrite were put on the charge, less coke might have been used, and 
it may be that other metallurgists using cold blast may find a more 
favorable practical relation between the sulphur and the coke in the 

"♦Oxygen chemically combined. 



RECENT COPPER Si^ELTING 99 

• 

case of mixed charges if their attention is called to the facts above 
cited. ^ 

I will now give a similar fuel comparison between sulphur and 
coke in the case of warm blast. A recent writer on this subject has 
suggested that it would be more appropriate to call our heated blast 
warm rather than hot, and there is the more reason for agreeing 
with him because it does seem that a moderate heating of the blast 
serves all that is needed of it and that there is no need to use the 
high temperature employed in iron smelting and obtained with brick 
stoves, fn the following table are given the results obtained with 
warm blast with three furnaces similar in design and operation. Each 
result is the average of six months' work with the same furnace. 
The three furnaces were working under the same conditions and ex- 
hibited much greater regularity in respect to coke consumption day 
by day than was shown by the same furnaces when previously 
working under cold blast. 

RELATION BETWEEN SULPHUR AND COKE, USING WARM BLAST. 

Rate of 

Sulphur S in Total Matte, smelting: 

in PeS, FeS„ sulphur, Coke, Cu, Blast, Tons per sq. 

% % % % % oz. ft. per 24 hr. 

E 5.51 15.16 20.67 4.0 31.0 28.4 8.58 

F 7.20 12.60 19.80 4.5 31.6 28.6 8.41 

G 7.15 11.30 18.45 4.8 31.4 28.4 8.47 

It will be noticed that, as in the case of cold blast, the coke 
consumption diminishes with addition of sulphur to the charge. 
Special attention was given to the coke consumption to reduce It 
to a minimum. The furnaces ran with great regularity and very 
fast, as will be seen from the average rate of smelting. It is 
calculated that 71% of the sulphur was oxidized to SOg. On com- 
paring the extremes, it is found that a difference of one unit-weight 
of sulphur oxidized is equal to a difference of 0.508 coke. This 
is certainly a surprising result, in contrast to those obtained with 
cold blast. These relations, which were not discovered at the time, 
serve to illustrate the value of warm blast, which, by increasing 
the temperature in the smelting zone, insures more active and 
regular smelting of the charge. 

The above results also enable us to calculate the vanishing point 
of carbonaceous fuel on a pyrite charge. How much additional 
sulphur should replace the 4% coke used when 20.67 units of sul- 
phur existed in 100 units of charge and 14.67 units of sulphur 
were oxidized, or how much sulphur must be oxidized per 100 of 
charge to enable the coke to be entirely eliminated. From the 
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extremes in the above table, we calculate that an additional 7.87 
units of sulphur oxidized would, if the same relation between sul- 
phur and coke continued, be sufficient to replace all the coke 
That is, other things being equal, 14.67 + 7.87 or 22.54 of sulphur 
oxidized per 100 units of charge should enable the charge to be 
self-smelting. This is precisely what was later found to be po& 
sible, and often the furnaces ran with just that amoimt of oxida- 
tion. It is better, of course, to have more, say 25 units of sulphur 
per 100 of charge. 

In setting forth furnace results for such a discussion as this, I 
find it convenient to have the average charge stated and not the 
official charge, which is varied from time to time; it is also cum- 
bersome for the purpose of calculations and comparisons to have 
the charge stated, as it often is, in some odd number of pounds 
as it is given to the weighers, the foreman taking off or adding 
on a few pounds of the different constituents of the charge from 
time to time according to the working of the furnace and the class 
of material used, and the men perhaps using more coke than is 
accounted for on the charge-sheets — for is not the coke-pile handy T 

Having shown the relation between carbon and sulphur as fuels 
in copper blast-furnace practice, I would like to draw attention 
to the thermo-chemical aspects of the cases cited, believing that 
such evidence as exists, even if but approximate in some of its 
details, will be instructive. Again I must refer to iron smelting 
in blast-furnaces because it has been extensively studied for many 
years by highly competent observers and the heat balance-sheets 
prepared by them may serve as a model for those who desire to 
emulate an admirable example, but in so doing I want to empha- 
size the fact that the two operations of iron smelting and pyrite 
smelting are chemically opposite processes, though similar in their 
main physical features. The first is a reducing process, the iron 
oxide being reduced to metal by the agency of carbon monoxide. 
And the carbon is not merely the only available fuel for the phys- 
ical effects of smelting, etc., but it is necessary for the chemical 
work of the furnace. In the smelting of pyrite, on the contrary, 
we require to oxidize and not to reduce, and carbon, however 
useful it may be in raising temperature, remains counter-active to 
the chemical requirements of the problem. 

For centuries copper metallurgists have been groping with the 
irrational use of carbon as a fuel, allowing it to impede the work 
of roasting by its reducing action and counter-active effect on the 
required oxidation. There is no doubt that by high development 
of the muffle principle, much of this counter-active effect might 
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have been avoided in the reverberatory work in the old practice 
of smelting sulphide ores after preliminary oxidation. We harve 
learned that sulphur will replace coke, as imagined and almost 
demonstrated by Hollway, whose method of first melting the sul- 
phide in a cupola with coke and then converting it in a bessemer 
converter is precisely what we now practice with success, with 
the additional advantage that by promoting the oxidation and 
performing the first melting without carbonaceous fuel or its mini- 
mum, we combine two highly economical pneumatic processes and 
conduct both by the heat of combustion of the iron sulphides with- 
out the counter-active influence of carbon. 

It is usual to state iron furnace results per unit-weight of pig 
iron. For the purpose of illustration, I have taken a case from 
James Gayley's practice as studied by Joseph W. Richards (Trans. 
Amer. Inst. Min. Eng., p. 703, July 1905), and have arranged his 
figures according to a unit-weight of charge and not according 
to the weight of the valuable product produced by the furnace. 
I also use the big Calorie in preference to the small one. 

IRON BLAST-FUBNACE PBACTICE, WITH MOIST AIB. 

Calories per 
unit-weight 
Heat distribution. of charge. 

Reduction FeA 0.738 

Reduction SiO, 0.030 

Expulsion of CO, from limestone 0.081 

Decomposition of water in blast 0.065 

Evaporation of moisture in charge 0.051 

Heat in pig iron 0.112 

Heat in slag 0.105 

Heat in escaping gases 0.198 

Radiation, etc., and undetermined 0.348 

Total 1.728 

HEAT DEVELOPED. 
C to CO 0.591 

C to CO, 0.959 

Heat In blast 0.178 

ToUl 1.728 

By studying such a table of results we can cultivate our sense 
of proportion and realize at a glance what particular items cause 
the largest heat expenditures; we can also learn to distinguish 
those factors in which improvement is possible from those that 
are, like the reduction of the ferric oxide, inevitable to the process. 
We see how much heat is lost in escaping gases and in the mojtt^n 
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iron and slag. In order to contrast this practice with pyrite smelt- 
ing without coke, I have prepared the following table in order to 
show to what extent the two processes resemble or diflfer from 

each other. 

Table A — Per Pound Weight of Cuabgb 

Iron Copper py- 

blast furnace, rite smelting. 

Air used, volume 26.4 cu. ft. 33.00 cu. ft 

Air used, weight 1.9 lb. 2.43 lb. 

Slag produced 0.26 " 0.55 " 

Pig produced 0.45 " 

Matte produced 0.23 " 

Charge smelted per square foot of hearth-area 

per minute 8.7 " 12.5 " 

Blast-pressure per square inch 15.0 " 2.0 " 

Height of ore-column 70.0 ft. 6.0 ft. 

Temperature of escaping gases 230''C. 800**C. 

(estimated) 
Calories per unit-weight of charge developed or 

expended 1.728 1.082 

Critical working temperature 1,510''C. 1,250''C. 

(estimated) 

Temperature of blast 382"C. 222'C. 

In contrasting the two {processes we notice that the copper fur- 
nace takes more air, but at a much lower pressure, the last because 
the height of ore-column is so much less. The slag in pyrite smelt- 
ing is more than double the other, but the matte is in weight but 
one-half as much as the pig produced by the iron furnace. The 
copper furnace drives about 50% faster. The temperature of the 
escaping gases is unfortunately very much higher in the copper 
furnace because of the low ore-column, the faster driving, and the 
uncomfortable fractional combustion of the sulphur of the pyrite. 
The temperature of the escaping slag and metal is higher in the 
iron furnace because of the high temperature of fusion cast iron, 
as compared to that of copper matte. The temperature of the in- 
going blast is much higher in iron smelting and the total heat 
required is greater, because of the large amount of endo-thermic 
chemical work to be performed. The numbers given in Table A 
will serve for the preparation of a heat balance-sheet for pyrite 
smelting, per unit-weight of charge. The important items are as 
follows : 

Heat in Escaping Gases. — The temperature of these was not de- 
termined, but estimated, from the color of the heated particles of 
riue-dust on the top of the furnace, at SOO'^C. It is an unfortunate 
feature of pyrite smelting that the furnace-top is so hot, because. 
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as explained in a previous article, the sulphur of the charge burns 
in a fractional manner and partly toward the top of the fumacd. 
The temperature of the gases being high enough to agglomerate 
some of the flue-dust, this, in falling back to the sides of the furnace 
helps in building the accretions which form the scaffold, the clos- 
ing up of which eventually causes the shutting down of the fur- 
nace. The specific heat of the gases is calculated for a gas of the 
following composition : 

SO, 0.100 

O, 0.058 

N, 0.842 

Total 1.000 

On an average, it is probable that the percentage of SO2 in the 
furnace gases \^ould be less than 10%. Allowance has been made 
for the generally neglected increase of specific heat at increasing 
temperatures. The mean specific heat of a gas of the above com- 
position was found to be 0.392 at 800°C. or 0.00049 Cal. per unit- 
weight of charge per 1° Centigrade. ^ 

Heat in Slags. — This has been calculated for a temperature (esti- 
mated) of 1250°C. The specific heat of the slag was found to be 
0.00016 Cal. per 1°C. (between 0° and 100°). The increase in the 
mean specific heat was assumed to be 0.07% for each degree and 
the latent heat of fusion given by Voigt for 2 (FeO) SiO.M namely, 
0.085 Cal., was taken. The total heat in the slag at a temperature 
of 1250**C. was thus calculated to be 0.46 Cal. per unit-weight of 
.slag ; 0.55 X 0.46 = 0.253 Cal. 

Heat in Matte. — The specific heat of this between zero and 100°C. 
was found to be 0.00016 Cal. The mean increase with increased 
temperature is estimated at 0.000064 per degree. The latent heat 
of fusion was calculated for a mixture of % CuoS and % FeS by 
the empirical rule. In that manner the total heat in the matte was 
calculated to be 0.33 Cal. per unit-weight of matte for the estimated 
1250°C. or per unit-weight of charge ; 0.23 X 0.33 = 0.076 Calorie. 

Heat in Cooling Water. — This was determined and found to vary 
between 0.06 to 0.13 Cal. per unit-weight of charge, according to 
thickness of crust and rate of running of furnace. The mean loss. 
namely, 0.095 Oal., is taken. 

The Heat in the Moisture of the Charge. — The average moisture 
was 3.5% and this is consequently 0.035 by 0.6 Cal. or 0.021 Cal. per 
unit of charge. 

The decomposition of the limestone is 0.04 X 0.451, or 0.018 Cal. 
per unit of charge. 
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The decomposition of water (moisture) in the blast is calculated 
for ordinary atmospheric conditions. 

Some allowance for loss of heat by radiation is necessary. 

For the heat developed at the rate of 0.25 unit-weight of sulphur 
oxidized and adopting the heat of combustion of PeS, namely 3.55 
Cal. per unit-weight of sulphur, we have, 

0.25X3.55 = 0.89 Cal. 

The heat of combination of 2(FeO) and SiOo, I do not know\ 
That of FeO plus SiO, as given by Prof. J. W. Richards (* Met- 
allurgical Calculations' — Elect rO'Chemical and Metallurgical Industry^ 
March, 1905) is 0.189 Cal. per unit of Fe. For the slag in question, 
which approximates 2 (FeO) SiOg, 60% of the above value has 
been taken. 

0.189 X 0.6 X 0.22 = 0.025 Cal. , 

Heat in the Blast.— This is 0.303 (222°) + 0.000027 (222°) ^ x 
2.43^1000, to reduce to big Calories, = 0.167 Cal. 

These calculations are made, as is usual, from a temperature base- 
line of 0°C.. and I have added the equivalent percentage-weight of 
coke that would furnish the* amounts of heat in question. 

A summary of these items gives per unit-weight of charge : 

Coke equivalent % 
Calories x 100 
Heat expenditure. Calories. 6.71 

Escaping gases 0.392 5.84 

Heat in slag 0.253 3.77 

Heat in matte 0.076 1.13 

Heat in cooling water 0.095 1.40 

Evaporation of moisture in the charge 0.021 0.31 

Decomposition of limestone 0.018 0.27 

Decomposition of water in blast 0.073 1.09 

Radiation and difference 0.154 2.30 

Total 1.082 16.11 

Heat developed. 

Combustion of sulphides 0.890 13.26 

Combination of FeO and SiO, 0.025 0.37 

Heat in blast 0.167 2.48 

Total 1.082 16.11 

We see that the heat in the blast is only about 40% of the heat 
in the escaping gases. A hot-blast stove heated by these escaping 
gases should easily furnish the temperature required, but it would 
have to be so arranged as not to impede the escape of the gases to 
the stack or interfere with the operation of the furnace. It is 
obvious that the slag produced rises or falls with the oxidation of 
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the iron sulphide and the effect of changes in these particulars can 
readily be estimated. 

On first investigating the heat expenditure by inferential methods 
I was inclined to believe that the work of a pyrite furnace could be 
carried on with less than the above amount of heat. I had not 
allowed enough for the hot top, so persistent and annoying with 
all pyrite charges. 

To give the values of the segregated items of heat-expenditure 
a form entirely practical, I have annexed to each the equivalent 
percentage weight of coke of SSfo carbon burned to carbonic acid 
that would produce the amount of heat in question. This is ob- 
tained by dividing the calories per unit- weight of charge by 6.71, 
which is the calorific value of the coke (see equation 7), and multi- 
plying by 100 to bring the result to a percentage. 

The fundamental principles of thermo-chemistry, such as the 
conservation of matter and energy, are like those of other estab- 
lished sciences, beyond cavil. Certain numerical data, such as the 
specific heat of a substance, may be open to a little doubt, but this 
doubt rests generally within small limits that can be neglected 
in practice. 

The heat in the cooling water takes an amount of heat equal to 
a fuel consumption of about 1.5% coke. The loss of heat in the 
escaping gases is serious, but even if it could be reduced one-half 
by discharging them at a temperature a little above that of the iron 
blast-furnace with its 70 ft. of ore-column, the loss of heat in that 
manner would equal about 2% coke. These heat-losses are inevita- 
ble. A furnace making much slag loses proportionately more heat. 
A study of the heat-losses of a furnace is instructive, since it is 
possible to calculate fairly closely what they may be for any case. 
To follow this path of inquiry a little further, we may ask what 
would W the heat requirement in terms of coke (88% carbon) for 
a charge consisting only of slag. This is the simplest ease we can 
imagine. The chemical work is nothing and we have only to do 
with physical properties. 

In the iron furnace the radiation losses are generally included 
with the 'diflference' or * undetermined.* 

The heat in the cooling water may be equal to 2% coke. 

That lost by radiation is perhaps as much. The heat in the 
escaping gases will hardly be much less than 4% coke. The simple 
heat in the melted slag will require about 6% coke. Thus, in order 
to melt a neutral substance like dry slag in a water-jacket furnace, 
an amount of heat will be required in terms of coke percentage, thus ; 
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Heat in slag 6.0 

Heat in cooling water 2.2 

Heat radiated , 1.5 

Heat in decomposing water of blast 1.0 

Heat in escaping gases 4.0 

Total 14.7 

According to the accepted heat of combustion of FeS, this amount 
of heat is equal to the combustion of 27.5% of the charge as sul- 
phur. (The higher amount of sulphur in this case over that of 
pyrite is because one unit- weight of slag is produced per unit- 
weight of charge. 

The metallurgist has to face the facts, and no amount of ingenuity 
on his part will enable him to produce matter and energy from 
nothing. There will be a minimum heat-expenditure, below which 
he will not be able to go in any particul^tr operation. His concern 
is not to exceed this irreducible minimum. 

It has been shown in these articles that the smelting of pyrite has 
been carried on without coke with warmed blast when the sulphur 
oxidized equalled from 23 to 25% by weight of the charge, and also 
that the heat of combustion of the oxidized sulphur supplemented 
by a small addition to the temperature of the blast, accounted for 
the necessary losses of heat from the furnace. It has been further 
shown that with warmed blast and when the amount of sulphur 
oxidized was from 13.1 to 14.9% of the charge and a small percentage 
of coke was employed, the fuel-relation between sulphur and coke 
approximated that indicated by theory ; and also that the vanishing 
point of coke on the charge with additional sulphur oxidized, agreed 
with that calculated from the relation discovered in practice and 
very closely with that suggested by theory. 

Thus, as regards quantity of heat, theoretical considerations con- 
firm and explain the practical results. There still remains* another 
point of view, and that is the degree of temperature as apart from 
quantity of heat. For example, we may have an infinite supply of 
heat at a temperature one degree lower than that of the point of 
fusion of copper matte and never be able to melt it. This point of 
view of temperature suggests two important questions; what is the 
working temperature of a copper-matting furnace? and what is 
the temperature of combustion of the iron sulphide? 

The working temperature must be higher than that at which the 
matte and its accompanying slag solidify. The point of fusion of 
copper matte is about 1180°C., and that of the accompanying slag 
noo^'C. Tho working temperature must therefore be higher than 
USiVV. ; I have judged it to be 1250°C. 
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Now we have to determine the temperature of combustion of the 
iron sulphide. Pyrite does not burn homogeneously, and we are 
therefore not concerned with its temperature of combustion, but 
with that of the residual iron sulphide (FeS) left on the heating 
of the pyrite. (It may be that the iron sulphide in question may 
be not precisely of the exact formula, FeS, but much more complex, 
though closely approximating to such formula, that moot point will 
not affect this technical discussion.) 

To calculate the temperature of combustion of FeS burning in 
air, we must know what excess of air is employed. I have already 
shown that an excess is required. Analyses of the furnace gases 
taken from the immediate top of the furnace charge and in such a 
manner that no air from above the top of the charge could con- 
taminate the samples, gave from 5 to 10% of SOg. Calculation 
shows that FeS burning to FeO and SOj in 50% excess of air would 
give a gas of the following composition: 9.7% SOg, 7.4% Og, and 
82.9% Nj. The temperature of such a gas would be raised by the 
heat of combustion of sulphur (heat equation No. 2) from 0° to 
1319''C. With 100% excess of air, the gases would consist of: 
7.24% SO2, 10.7% O2, and 82% Nj, and their temperature would be 
1032° Centigrade. 

It will be apparent that with a range of air-excess such as is re- 
vealed by the composition of the furnace- gases, the temperature of 
combustion of the iron mono-sulphide is likely either to be below 
the melting point of the copper-matte or dangerously near it, and 
there need be no surprise if our attempts to smelt pyrite without 
coke and with cold blast failed. The temperature of combustion 
of the iron sulphide can easily be supplemented by raising the 
temperature of the blast or by using some coke; but the latter will 
have a counter-active effect upon the oxidation of the pyrite and 
this we desire to avoid. 

Thus the use of warm blast is a logical sequence of a theoretical 
examination of the heat and the other reactions involved ; and these 
in their turn explain our practical experience that, without coke 
and with cold blast, pyrite is not self-smelting. 
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THE PROBLEM OF FINES 

(Editorial, Oct. 5. 1912.) 

The treatment of finely divided material oflfers one of the greatest 
problems in metallurgical work. In ore dressing the smallest parti- 
cles offer the greatest resistence to separatory processes, and in 
cyaniding the fine material for a long time, and even at present to a 
certain extent, presents great difficulties in filtering and washing, 
while the colloids, those curious denizens of the border land between 
solid and liquid, have only recently been rendered amenable to 
treatment. In the smelting of iron and copper ores the use of large 
quantities of finely divided ore in the blast-furnace is a vexing 
problem to the metallurgist, a problem that persists to the end of 
metallurgical work, for the gases escaping from the stack carry 
with them fine solid particles that are both a source of loss to the 
smelter and of annoyance to its neighbors. 

It is, however, to the handling of fine ore in smelting operations 
that we propose to confine ourselves, referring more particularly to 
the smelting of copper ores. Fines have always been a problem in 
this work, and even in the days of the heap-roasting of lump ores 
the disposal of the small amount of fine ore unavoidably produced 
in mining was a source of worry to the metallurgist. The early 
conditioiis now seem almost like an iridescent dream to the manv 
operators who are compelled to handle concentrate alone, or with 
but a small proportion of lump ore. A large and increasing part 
of the output of copper is derived from finely disseminated low- 
grade sulphide ore which must first be subjected to mechanical 
concentration. Smelting concentrate, practically all smaller than 
Vh inch in diameter, and unmixed with lump ore, is an irritating 
problem. The (lordian knot can be (juite simply cut by roasting the 
concentrate and smelting the calcine in reverberatory furnaces, but 
only at a high working cost. At a plant where coke costs $10 per 
ton the sulphur in concentrate containing 50% of pyrite is worth 
$2.50 per ton as a source of heat in smelting operations, and to be 
obliged to roast it off at a cost of about 30 cents per ton is heart- 
rending. In addition, the smelting cost per ton is higher in rever- 
beratory work, though recent advance in the use of liquid fuel has 
increased the tonnage smelted and lowered costs. Progress in the 
use of gaseous fuel is of the negative order, for at the one copper 
smelter m this country where it has been in use, the Great Palls 
plant of the Anaconda Copper Mining Company, the use of gas 
producers will be abandoned in the new construction now under 
way, and grate firing substituted. In this case the high ash of the 
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coal used and the dust from the charge gave trouble in the regenera- 
tive checkerwork, another instance of the fines problem. 

For handling fine ore in smelting, a great variety of ingenious 
methods have been devised. Since sulphides are readily fusible it 
would perhaps seem simplest to melt them and allow them to con- 
solidate on cooling. Like most simple suggestions, this is impracti- 
cable. Melting and cooling sulphides, while retaining their sulphur 
content, oflfers annoying mechanical problems and can only be done 
at a prohibitive cost. But to fuse the fine ore to such a degree that 
it coheres sufficiently to act like lump ore in the blast-furnace is 
more practicable, and is the line upon which the most recent and 
satisfactory progress has been made. In this work the problems are 
essentially analogous to those of coke-making. The mixture must 
be fused sufficiently to make it cohere strongly enough so that it will 
not break up too much in handling nor crush under the weight of 
the burden in the blast-furnace. The resulting product should be 
porous in order to aid the penetration of the blast and to facilitate 
the reactions of smelting. The complexity of this single group of 
problems is too little realized. In coking, the components present 
vary in degree but not in kind, yet the most careful study of the 
mixture of coal and water fed to the ovens is required to procure a 
satisfactory product. In smelting, the components vary in kind as 
well as in degree, and the amount of study of each particular case 
thus required is correspondingly greater. It is not remarkable, 
therefore, that the attempt to use such methods has often been 
abandoned after a short period of unsuccessful experimentation. 
Smelting differs radically from other kinds of chemical engineering 
work in that it is essentially variable in its character. A variety 
of different products must be utilized, and their relative proportions 
vary from week to week because of conditions not under the 
metallurgists' control, and methods which would be adequate to 
solve a constant problem may fail utterly before a variable one. 
This is the fundamental problem in the use of agglomerative methods 
for handling fines, and both in sintering on grates and in pots the 
securing of a mixture which shall be uniform throughout, both in a 
single operation and during the day's work, is one of the criteria of 
success. 

In the treatment of lead ores agglomeration by fusing in pots 
and on grates is carried out with marked success and has reached a 
higher stage of development than the agglomeration of copper ores. 
The conditions to be met differ with the two methods. With lead 
ores the endeavor is to eliminate sulphur, and the ore is commonly 
subjected to a light roast before sintering in pots, while with copper 
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ores the sulphur should be preserved to as large an extent as possi- 
ble. The hot zone of oxidation that passes through the mass to be 
sbitered is easily controlled if a relatively small quantity of sulphur 
is present and can be allowed to oxidize nearly completely, but is 
rebellious where there is present a large percentage of sulphur, only 
a part of which can be allowed to oxidize. But this problem is 
essentially similar to that in coking, where excessive fusing is 
checked by the addition of a suitable amount of moisture, and it 
may eventually prove that the sintering of fine copper sulphides on 
grates is more easy to perform than has been supposed. The sinter- 
ing of flue-dust, with or without a small quantity of coke dust, 
is now successfully done both at the Pittsmont and Mason Valley 
copper smelters, and the sintering of fine ore may follow as the 
next step in development. 

Disposal of fine sulphides by adding them to the converter charge 
has often been proposed, but has not attained any marked success. 
Aside from the difficulties it gives rise to, it is evident that it can- 
not offer any universal solution of the problem, since the larger pro- 
portion of the ore must be otherwise treated. in order to produce 
the matte for converting. Briquetting in its various forms is as old 
as the industry itself, and has been a continuous source of vexation. 
Under certain conditions it may be applied with marked success, as 
at Anaconda, but the hope of escape from its annoyances is a con- 
stant lure to the metallurgist, and there is little hope of satisfactory 
progress in the improvement of briquetting. Special methods serve 
to meet special conditions, especially where labor is cheap; thus 
flue-dust is mixed with converter slag at Cananea, and the nodulizing 
method recently described in these columns is satisfactory at 
Shisaka, in Japan, but everywhere the hope of devising a more 
satisfactory method is a potent force making for progress. 
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SINTERING 8ULPHn)E ORES AT HIGH ALTITUDES 

By R. 1.. L1.0YI. 
(June 14, 1913.) 



rTUe results obtained by the Dwight & Lloyd Bintering iiiaehiiiea 
installed at the Cerro de Pasco smelter in Peru, at an altitude of 
14,000 ft. above sea-level, have shown that sintering by this method 
at high altitudes is confronted by no more serious problems than 
are experioneed in blast-fiiniaee smelting at the same altitudes. 

At such altitudes as 14,000 ft. there is always some difficulty in 
kindling a fire of any kind, and any burning material tends to go 
out if the conditions moat i^avorable to combustion are not main- 
tained. As was to be espeeted therefore, a sinter bed is not quite 
as readily ignited at Cerro de Pasco as at lower altitudes, but no 
serious difficulty was experienced in this regard; the ignition flame 
was simply made a little more intense, a condition readily attained 
with the crude-oil burner that was used. The ore charges treated 
were in all respects similar to the copper charges treated elsewhere, 
except that the sulphur content was higher than usual (25%). With 
8Uch a sulphur tenor, considerable difficulty is generally experieuced 
at lower altitudes, on account of the excess of the heat of combustion 
of the charge, but at nn altitude of 14,000 ft. no difficulty at all 
was met. This was probably because of a tendency toward slower 
combustion, it being remembered that a cubic foot of air at 14,000 
ft. contains only about GOfo of the oxygen that a cubic foot of air 
contains at sea-level. 

As is well known, sulphur is sometimes produced while sintering, 

► and is carried tlirough the fan with the gases as flowers of sulphur. 
At lower altitudes, if the exhaust gases are quite hot, the sulphur 
sometimes lends to collect in the fan, and if not cleaned out at 
regular intervals may take fire. No -such difficulty was experienced 
at Cerro de Pasco, und although the sulphur appeared in the fan and 
WHS cleaned out at regular intervals, there never seemed to be any 
tendency to take fire, probably because of the low oxygen tenor 
of the atmosphere. No attempt was made at Cerro de Pasco to 
find the low sulphur limit for sintering, as the problem was to work 
the highest sulphur charges possible, and while it was proved that 
25% was an entirely feasible charge at that place, it is not yet 
proved to be the maximum permissible. 

The speed of sintering was rather surpriaiug. and seemed to be 
almost if not quite equal to that at lower altitudes. This I take to 
be, partly at least, due to the large amouut of sulphur driven off in 
the elemental state, as the ore contained much pyrite. It is hard to 
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get an exact comparison of speed, however, as no such high sulphur 
charges are being worked elsewhere by this method. The power 
consumption per ton sintered was practically no greater than that 
used at ordinary altitudes, and the ordinary vacuum of 4 to 6 oz. 
per square inch was found to be entirely satisfactory. 

Sintering by the Dwight & Lloyd system had been previously 
tried at Cerro de Pasco, in a plant erected in 1907 under an arrange- 
Inent with the patentees, but designed independently. The plant 
was of the intermittent *pan* type and, proving unsatisfactory, was 
eventually abandoned. The cause for this failure is entirely clear 
when the mechanical diflficullies of properly placing a sinter bed on 
^n apparatus of the pan type, and of re-establishing the best work- 
ing conditions for every batch are realized. Such difficulties do not 
exist while practising the continuous system of sintering as is now 
satisfactorily employed at Cerro de Pasco and many other places. 
Steps have been taken to enlarge the existing plant at Cerro as 
rapidly as possible, so as not only to eliminate fine ore troubles, 
but also to get the great increase in smelting speed which invariably 
follows the addition of sintered material to the charge. 



COPPER SMELTING IN THE ELECTBIC FURNACE 

By DoRSEY A. Lyon and Robert M. Keeney 

*In presenting this paper the writers wish to call attention first 
of all to the fact that the electric furnace was not developed as a 
competitor of the combustion furnace, but : 

1. For the purpose of doing high-temperature work which it is 
not possible to do in the combustion furnace ; and 

2. For the treatment of ores in regions where fuel is scarce and 
costly, and where hydro-electric power is comparatively cheap, as 
is the case in Chile, Canada, in certain parts of this country, and 
Mexico. This paper is not presented with the idea of trying to 
prove that the electric furnace should replace the reverberatory 
or the blast-furnace as used at present in the smelting of copper 
ores, but that it may be substituted under conditions which are 
not favorable to them, and where either of the two following con- 
ditions may exist: 

(a) A district remote from railway transportation facilities. 



•Excerpts from The Smelting of Copper Ores in the Electric Furnace/ pre- 
sented at the Butte meeting of the American Institute of Mining Engineers, 
August 1913. 
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where deposits, rich enough to warrant their being worked, due to 
the cost of transport of coke and ore, have to remain unworked, 
but where there is plenty of water power which can be developed 
at reasonable cost for the production of electric power, by the use 
of which for smelting the ores in an electric furnace, a concentrated 
product may be obtained, which can stand the necessary trans- 
portation charges. 

(b) Where the transportation facilities may be good, but the 
cost of fuel too great to permit the use of the ordinary methods 
of smelting, whereas, on the other hand, hydro-electric power can 
be developed at a low cost, and the ores could be smelted by the 
electric furnace at a cost that would make their treatment possible. 

With these possibilities in mind we have attempted to make a 
brief comparative study of the problem for the purpose of determin- 
ing whether it would be possible metallurgically, and feasible com- 
mercially, to use the electric furnace in those localities where, by 
reason of excessive fuel costs, the cost of operating ordinary 
furnaces for smelting copper ores is either excessive or prohibitive. 

Although the smelting of copper ores in the electric furnace 
has received considerable attention and more or less experimental 
work has been done, there are, so far as we are aware, no electric 
furnaces in the United States on copper ores. In Norway, how- 
ever, trial smelting of copper ores with a 1000-hp. electric funiacb 
and an estimated operating capacity of 2000 tons per year, has been 
conducted at the Hen Smelting Works, Trondhjem. A consignment 
of 25 tons of pure copper, the first copper ever produced by electric 
smelting in Norway, was exported from the Bitovaria Minea at 
Kaafjord, near Dyngor. Some months ago it was reported that, 
at Christiansand, the electric smelting and refining of nickel and 
copper would be undertaken by the A/s Kristiansands, 
Nikkelroffeneringsverk. 

1. Vattier's Experiment. — One of the best known of the ex- 
periments which have been conducted upon the smelting of copper 
ores in the electric furnace is that which was made by Vattier at 
the Livet works of the Compagnie Electrothermic Keller et Leleux, 
France, April 23, 1903.^ These tests were made by Vattier for the 
Chilean government, which wished to secure such data as it would 
he possible to obtain in making experiments on a commercial scale. 
These tests were made before a Commission, which was composed 
of some of the best known metallurgists of England and Europe. 



'For a full account of this work see Report of the Canadian Commission, 
1904. 
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As stated by Vattier, the main object of these experiments was 
to determine, if possible, whether electric heat could be substituted 
for the heat derived from coal, either wholly or in part. This is 
especially important to Chile, for it has plenty of valuable ores, 
and, so it is stated, an abundance of water power, but coal is costly. 

The experiments were conducted on two diflferent kinds of ore: 

1. An ore the copper content of which was approximately 7%, 
present principally as copper pyrite. It also contained 8 to 9% of 
sulphur, and the gangue was made up mainly of micaceous copper 
oxide, together with silicates and a little carbonate of lime. 

2. Low-grade copper ore from the mining regions in the vicinity 
of Santiago, Chile, mixed with a small proportion of manganese and 
lime. 

The composition of the ore, matte, and slag was as follows: 

Ore, % Matte % Slag, % 

SiO, 23.70 0.80 27.20 

A1,0, 4.00 0.50 5.20 

CaO 7.30 9.90 

MgO 0.33 1.40 0.39 

S 4.12 22.96 0.57 

Fe 28.50 24.30 32.50 

Mn 7.64 8.23 

P 0.04 0.06 

Cu 5.10 47.90 0.10 

As Trace 



• • • • • 



2. Wolkoff 's Experiments. — In some experiments that were made 
by Wolkoff^ on the smelting of copper ores, the ore experimented 
with was a sulphide, containing 8.20% of copper, with an acid 
gangue. Several experimental runs were made, but only the re- 
sults from one or two of them will be mentioned in this connection. 
For instance, using 12 kg. of ore (25.5 lb.) and with the addition 
of 6.2% of hammer scale to furnish iron oxide for the silicious 
gangue, he obtained a thoroughly fused product, the matte contain- 
ing practically the whole of the copper, the slag retaining only 
0.15%, and he also states that the volatilization losses were very 
small. 

In another experiment, he smelted 10 kg. of ore (22 lb.) with 1.25 
kg. (2.74 lb.) of roasted matte, which contained 75% CuO, 8% 
CuoS, and 15% Fe.O.,, the object being to determine the extent 
of the reaction. Cu^S + 2CuO = 2Cuo + SOj. On smelting this 
charge with a current of 400 amperes and 75 volts for half an hour, 

'Metalliirgie, Vol. VII. pp. 99 to 102. 
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Wolkoff obtained 1.78 kg. of enide copper with 92% Cu, 3% Fe, and 
1% S. lie also obtained 10.9 kg. slag with 0.10% Cu. In this 
experiment 96% of the metal was extracted; the slag contained 
0.60% of the total quantity of copper; therefore, as stated by 
Wolkoff, the copper balance is as follows : 

The charge contained 1.706 kg. Cu 

1.78 kg. crude copper with 92% Cu ^ 1.638 kg. 

10.9 kg. slag with 0.1% Cu = 0.011 kg 

Losses 0.057 kg. 



1.706 kg. Cu 

3. Experiments of M. Stephan. — At the first general meeting of 
the recently formed * German Metallurgical Engineers,' M. 
Stephan, superintendent of the Girod Electric Steel Works at Ugine, 
Prance, gave an account of some experiments made by him on the 
electric smelting of non-ferrous ores, one of which was copper. The 
foUwing is an abstract of Stephan 's paper :^ 

**The ore came from the Belgian Congo, being mined by a Bel- 
gian-English concern. In five different analyses given, the CuO 
varies from 21.01% to 5.73% ; SiO^ from 28.48% to 78.55%, with 
from 4 to 13% AlgO, ; from 4 to 16% FcgOa, and, besides, smaller 
amounts of impurities, from 2 to 7%. CoO; no nickel. • • • The 
moisture in the ore varied from 7% to 32%. It was not removed, 
in order to meet the conditions of practical operation and to carry 
the experiments out under most unfavorable conditions. • • • Char- 
coal, coke, and anthracite were used successfully as reducing agents. 
Charcoal would probably be the cheapest in this particular in- 
stance. • • • Electric furnaces, similar to the Girod ferro-alloy 
furnace type, were used and the dimensions changed in several runs 
within wide limits, in order to secure enough data for the con- 
struction of a large furnace for the same work. Electrodes were 
used suspended from the top and inserted in the bottom, also in 
the sides for heating by radiation, and a system was adopted of 
heating with a smothered arc mainly by the resistance of a thick 
layer of slag over the conducting metallic charge. The temperatures 
were measured with LeChatelier, Wanner, and Fery pyrometers. 

••A slag of the composition: SiO^ 51.90%; AlA 11.31%; CaO 
16.83% ; MgO 13.71% ; Fe^Og 3.55% ; MnO 0.94% ; CuO 0.64% ; CoO 
0.87% begins to melt at 1250°C. ; begins to flow in a pasty condition 
at 1350°C. ; and is liquid enough at 1400° to allow the little copper 



sEiniges Uber die Erzeugung von Metallen in elektrischen Ofen, von M. 
Stephan, Metall und Erz, October 1913; abstract in Metallurffical and Chem- 
ical Engineering, p. 22 (January 1913). 
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balls to settle completely. At 1550°C. the slag is liquid enough to flow 
off freely ; 1920°C. was necessary to render the slag liquid when the 
highly acid ore was smelted without any fluxes. The pig copper 
(Srhwarzl'upfer) produced analyzed in six different runs from 65 to 
95% Cu, containing from 1 to 21% Pe, and from 1 to 11% Co. The 
purity of the product will be higher the lower the smelting tempera- 
ture. The lower the temperature the smaller will be the chance for 
reducing any of its impurities, but, at the same time, more copper 
will also be retained in the slag, since at a low temperature it is 
much less fluid and offers more resistance to the settling of the 
copper, so that the output is decreased. 

**It will be a matter of commercial calculation, according to the 
composition of the ore and other special conditions, whether a 
high-quality product or a maximum output will be desirable. • • ♦ 
A continuous run for several days with the same ore, aiming at 
slags of about the composition mentioned above, required 1000 to 
1200 kw. hr. per ton (2205 lb.) of ore. • * • These figures are high, as 
a result of the amount of heat required to keep the very viscous and 
abnormal slags in liquid condition. With an easily fluxed ore, the 
specific power consumption was only about 500 kw. hr. The 
electrode consumption averaged 8 kg., or 17.6 lb., per ton of ore. 
It was operated with 4 amperes per sq. cm. (25.8 amperes per sq. 
in.). Coal for reduction was used at the rate of 25% of the copper 
in the charge. The best lining to withstand the severe conditions 
of the furnace used in this work was tamped fire-clay with 80% 
SiO, and 15 7o ALO,'' 

Smelting of Sulphide Ores in the Electric Furnace 

To study conditions in the smelting of sulphide ores in the electric 
furnace, the writers have recently conducted a series of experiments 
at the Bureau of Mines laboratory. The objects in view were: (1) to 
determine if there are any conditions which make electric smelting 
without air anything but a simple melting operation; (2) to note the 
percentage of concentration and the sulphur removal; (3) to study 
the possibility of condensation of the elemental sulphur as such; 
(4^ to get general figures on power consumption with varying 
charges: {{y^ to determine gold, silver, and copper losses; and (6) to 
study the use of a low-eopper matte as a collecting agent for gold 
and silver. 

1. Ores Treated. — The ores used in the experiments were: A 
heavy sulphide low-grade copper ore; a gold ore; a silicious silver 
ore; and some roasted ore of the composition shown below. The 
limestone contained l)3.2*'; CoO and 5.7% MgO. 
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Pyrite. Nodule. Sillciousore. 

% % % 

SIO, 2.50 4,00 74.63 

Fe 44.07 65.60 10.71 

8 48.20 .... 8.36 

A1,0, 0.24 1.76 0.40 

CaO 0.08 0.46 

HgO 0.73 0.46 0.26 

P 0.02 .... .... 

Aa 0.20 

Ca 1.30 0.07 

Aa, OE. per too 0,01 0.03 1.2S 

Ag, oz. per too 0.14 0.05 3.20 

The ores were treated in an electric funiaee of the followiug con- 
struction, figures 15 and 16: It consists of a smelting chamber lined 
with fire brick or silica brick, having three carbon electrodes sns- 
pended vertically through the roof with a feeding shaft lined with 




Fro. 15. EuvATiQN or Elictbic Fithnace. 
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fire brick over the crucible. This would use three-phase cur- 
rent at from 50 to 100 volts. The general internal dimensions of 
the crucible are 14 ft. 6 in. in diameter, by 9 ft. high, with a shaft 
1 ft. H in. in diameter by 18 ft. 6 in. high. With a furnace of this 
type regulaticm of electrodes would not be necessary after regular 
operation was established, so that the electrical connection is made 
close to the roof of the furnace and regulation is by hand. There 
is less difficulty in handling the electrodes if they are suspended 
vertically; and, as the shaft is low, it is made vertical, thus elimi- 
nating the necessity of suspending them at about 55 degrees. 




Fig. 16. Plan of Electric Fubnace. 



The top was roofed and kept closed tightly to prevent escape 
of sulphur and admission of air. A condenser, consisting simply of 
three rectangular, horizontal chambers with several baffles in it, 
was attached to the furnace to condense the sulphur and catch any 
escaping gas. 

Twenty experiments were made with these ores. A typical charge 
was as follows: 



Charge 

Lb. 

Pyrite 8.80 

Nodule 13.iiO 

SUicious ore 5.76 

Limestone 2.73 



Matte 

% 

Cu 1.22 

Fe 64.18 

S 22.38 

Oz. per ton. 

Au 0.72 

Ag 0.96 



Sl^G 

Cu 0.05 

SO, 35.25 



FeO 
A1,0. 
CaO 
MgO 
S ... 



AU 

Ag 



41.30 

4.40 

10.00 

.... > 1.64 

8.66 

Oz. per ton. 

0.03 

". 0.32 



uang. — (1) Smelting in an electric furnace treating 
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sulphide ores consists simply of melting the charge, volatilizing 
about 60% of the sulphur as elemental sulphur, and separating the 
slag and matte. 

(2) The ratio of concentration is simply that possible from a 
separation of matte and slag, together with a reaction of oxides 
and sulphates upon sulphides, and the volatilization of 10% more 
than one atom of sulphur, but with no formation of iron oxide to 
enter the slag, because there is nothing present to oxidize the iron 
sulphide. 

(3) Qualitatively, it is possible to condense some of the elemental 
sulphur driven off. 

(4) The loss of copper, by volatilization and in the slag, is low. 

(5) A matte containing about 1% copper, from a charge contain- 
ing 0.30% copper, makes a good collecting agent for gold and silver, 
if a clean separation of slag and matte is obtained. 

(6) There is very little loss by volatilization of gold in the 
electric furnace, but there is some loss of silver in this way. This 
would not probably occur in a larger furnace with closer tempera- 
ture regulation. 

(7) The electrode consumption in the smelting of a sulphide ore 
is low, and in practice need not exceed five pounds per ton of 
charge. 

(8) In a large commercial furnace the power consumption for 
most ores would be about 480 kw. hr. per ton of ore, or 0.055 kw. 
years. 

Electric Furnace v. Reverberatory Blast Furnace 

So far, we have only considered the use of the electric furnace as 
a melting furnace in the treatment of copper ores. From what has 
been said, we believe that we are justified in making the following 
statements as to the possibility of using the electric furnace for this 
purpose : 

(1) The melting of native copper oxide or sulphide ore of cop- 
per can be done just as efficiently in the electric furnace, and per- 
haps more so, than in either the reverberatory furnace or the blast 
furnace. 

(2) The reactions desired in reverberatory smelting, or ordinary 
blast-furnace smelting, can be obtained in the electric furnace as 
well, and perhaps better, than in either of those furnaces. 

(3) The loss of electrodes is small, varying from 5 to 10 lb, 
per ton of ore smelted, and the presence of the carbon electrode 
does not cause enough reduction of iron to be troublesome, or in- 
crease the consumption of electrical energy appreciably. 
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(4) The losses of copper, gold, and silver by volatilization and 
in the slag would be no greater, as shown in all the experimental 
work cited, than they are in reverberatory smelting or ordinary 
blast-furnace smelting. 

(5) A matte containing as low as 1% copper can be used as 
collecting agent for gold and silver in the electric furnace, as well 
as in combustion furnaces. 

(6) The comparison of costs would depend entirely upon the 
nature of the ore treated, and the relative cost of coal or coke, and 
electrical energy. In general, from the work done in the experi- 
ments, we may say that from 500 to 700 kw. hr. per ton charged 
would be re(|uired for smelting copper ore, depending upon the 
nature of the ore. 

There does not seem to be any metallurgical reason why the chief 
objects of the pyrite smelter cannot be carried out in some electric 
copper blast-funiace such as Fig. lln and lib, as well as in a coke 
copper blast-furnace; namely, *'to melt the great mass of SiO^ and 
inert earths, to oxidize enough of the sulphides in the charge to in- 
sure a suitable matte — incidentally obtaining the heat evolved by 
the oxidation. ''. On the other hand, it would seem that the diffi- 
culties ordinarily encountered in operating a pyrite furnace might 
be avoided when using an electric blast-furnace, namely, the diffi- 
culties which arise when too much or too little coke is added to the 
charge, and moreover that it not only permits ** introducing heat 
into the furnace, without at the same time robbing the combustion 
zone of oxygen/' of which E. D. Peters states, ** nothing would be so 
welcome to the furnace man as to do this,'* but would also permit 
of the heat being entirely under control and easily regulated, and 
thus avoid freeze-ups with their consequent vexations and .costly 
delays. By this we do not mean that any sort of a charge could be 
put through the furnace and not freeze it up, an idea which seems 
to be quite prevalent in regard to electric furnaces, but that, if the 
charge be properly calculated, a very much wider variation would 
l)e permissible in the composition of the slag from that calculated, 
than would be the case in blast-furnace smelting. 

Hy referring to Fig. lla and lib, it will be noted that the chief 
difference in the construction of the furnace would be in that 
part of it below the tuyeres — in other words, in the crucible. Be- 
cause electric furnace construction has received the attention of 
some of the very best mechanical and electrical engineers, and be- 
cause a crucible based upon the principle shown in the design in 
Fig. 17 is now extensively used in the iron electric reduction fur- 
naces of Norway and Sweden, we believe that no difficulty would 
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be experienced in this respect. Various methods and arrangements 
can be used for connecting up electrodes. If this be true, we have 
only to consider the matter of costs. 

Comparison of Costs 

a. General Coxudderations. — From what we have said, it will be 
evident that a comparison of costs is made simply for the purpose 
of giving some idea as to the outlay that would be necessary to 
erect and operate an electric furnace plant for the purpose of 
smelting copper ores. 

Naturally, the first thing to be considered is whether it would be 
feasible to attempt to substitute electrical energy for coke, due 
to the cost of the former. 

b. Cost of Plant. — As a matter of fact, the cost of an electric 
furnace plant would be the cost of a regular plant plus the electrical 
installation, exclusive of the generating plant, because it is assumed 
that it would be possible to purchase power from some power com- 
pany, and, if not, the generating plant would probably be considered 
as a separate organization, selling power to the smelter at so much 
per unit. Therefore, by electrical installation we mean the cost of 
transformers, bus-bars, cables, instruments, etc. In order to get 
some idea of this cost we will assume that our furnace is to smelt 
384 tons of charge per day* and that the composition of the charge 

is: 

Per cent. 

Cu 5.21 

SIO, 26.41 

FeO 18.60 

S 11.46 

A1,0, 4.26 

CuO 17.49 

This was the average composition of the entire blast-furuaee 
charge which was smelted at the Washoe smelter. Anaconda, for 
several months.* In this plant 8.2% of coke was used. If we should 
attempt to smelt a charge of this nature in an electric furnace, what 
amount of electrical energy would be required? 

c. Amount of Electrical Energy Required to Replace Coke. — Since 
8.2% of coke was required at the Washoe smelter to smelt the above 
charge : 

^At the Washoe smelter, Anaconda, the furnaces were formerly 56 by 180 
In. (hearth area, 70 sq. ft.) and smelted on an average a little less than 400 
tons of charge dally, or 5.6 tons per square foot. From Trinciples of Copper 
Smelting,' Peters, p. 156. 

••Practice of Copper Smelting/ Peters, p. 267. 
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2000 X 8.2 lb. = 164 lb. of coke, were used. This coke contained 
80.24% fixed carbon ; therefore, the carbon equivalent of the coke is : 
164 X 80.24=131.59 lb. If one pound of carbon be completely burned 
to carbon dioxide, we obtain 8100 lb. cal. Therefore, 131 X 8100 = 
1,061,100 lb. cal. that would be obtained from 131 lb. of carbon con- 
tained in the 164 lb. of coke. As 1 kw. hr. is equivalent to 1897 lb. 

cal., it would require: ^'^issr " ^^ 559 kw. hr. to replace the 

theoretical calorific value of the 164 lb. of coke. However, as a cop- 
per blast-furnace at its best probably does not have an efficiency of 
over 50%, the energy really obtained from the coke, so far as work 
performed in the furnace is concerned, is only 530,550 cal. and this 

would reprsent theoretically, ^^g^^^^^ or 280 kw. hr. per ton. Inas- 
much as the efficiency of electric furnaces of this type may be as 
much as 85%, and as that of an open top ferro-silicon furnace is 
said to be about 60%,** it would be fair to assume that the efficiency 
of an electric furnace, such as shown in Fig. 16, would be 20% great- 
er than that of the ordinary blast-furnace, and hence we will say it is 
70%. If this be true, then the theoretical 280 kwl hr. needed to 
smelt one ton of charge would have to be increased 1.42 times 
(280 X 1.42 = 397) or say in round numbers, 400 kw. hr. would be 
required to smelt one ton of charge. Considering that part of the 
heat in this case is supplied by combustion of sulphide the figures 
agree closely with the 480 kw. hr. calculated from the experiments 
on melting only. As we are to smelt 10 tons of charge per hour, 
400 X 16 = 6400 kw. hr. would be the constant load on the furnace, 
and, as the power supply would doubtless be three-phase, this would 
mean that the electrical equipment should consist of: 

Three 2500-kw. variable voltage transformers, to allow ample 
margin for sudden overloads, etc. ; instruments, bus-bars, cables, 
etc. 

As to their costs at the plant, that would, of course, depend upon 
the locality, and would be the factory costs plus transportation 
charges. To partially offset this cost, the blower capacity would not 
need to be so larjre as in the ease of the regular blast-furnace, be- 
cause less air is blown. 

d. Cost of Smelting. — We ni«y say that the costs of coke and 
electrical ener»ry are about on a i)ar when coke costs $7 a ton, and 
electrical energy 0.15e. per kw. hr., or $13 per kw. yr. — or say in 
the ratio of 1:1.8. Although there may be advantages in the use 
of an electrical blast-furnace instead of an ordinary blast-furnace, 
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^wnl not be taken into consideratiou iti thia coniieetion, and 
we will asRiiine that the cost of eleetrodes and of the eleetrieit.v ou 
the one hand, and its equivalent in heating value of coke on the 
uther. would be the samp; in other words, that the cost of electrodes 
iind electricity would balance the coat of the amount of coke that 
would he necessary to do the aame amount of work. We will not 
take into consideration the saving in blowing by reason of not 
having to furnish air fur burning the coke. 

e. Cost of Electrodes. — The average consumption of electrodes 
per ton of iron produced at TroUhattan, Sweden, is about 10 lb. 
.\ssnminii 1 ton of iron is equivnleut to 2 tons of charge, the con- 
sumption iif electrodes jier ton of charge smelted in a furnace, 
such as the one we have been diBCUssing, would not be over 5 lb. 
per ton. If we assume that the electrodes do not cost over 6c. per 
pound, which allows a fair margin for transportation over their 
cost at the factory, the cost of electrodes would be about 30c. per 
ton of charge smelted. The consumption would be probably con- 
siderably less than 5 lb. per ton, as was shown in an experiment 
performed by the writers in which air was blown into the furnace, 
and in which the electrode consumption was only 2 lb., per ton of 
ore treated. Siieh being the case, if our combined electrical energy 
and electrode cost is not to exceed our equivalent coke cost, with 
coke at $0 a ton, the cost of electrical energy would be $9 X 1.8=^ 
♦16.20 a kw. yr., minus the cost of electrodes, or about $16. Com- 
pared on the basis of calories, if the eoke contains 80.24% fixed 
carbon, it would contain 1604.8 lb. of carbon per ton of 2000 lb.. 
and this carbon would, if completely burned to COj give a calorific 
value of about 13,000,000 calories. As one kilowatt year of energy 
is pquHl to 16,616,000 cal.. it would require something like 1.2 tons 
of coke, containing 80.24^ fixed carbon, to equal in calorific value 
_|he kilowatt year, but it is to be remembered that this as-sumes that 
? carbon of the coke is completely burned to carbon dioxide, 
irbich rnrel.v happens in practice, and so. as has lu'eu determined 
«ni actual jiraclicc, it requires from 1.5 to 1.8 Iouk of coke to 
yield the same number of calories a.s may be obtained from 1 
kilowatt year of electrical encrg>'. 

Electric Blast-Fumace in Smelting Pyritic Ores 

; previou8l\ sliilc-d. in all Inn- jiyrile sm.-lting. fuel (usually 
loke) in varying amounts is added to the charge. We will assume 
Eor the sake of argument, that the ore being treated is entirely 
lited to pyrite smelting, and that it is not necessary to use more 
lian 0.5% of the weight of the charge in coke. L'ouhi such an ore 
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be treated pure as well in an electric blast-furnace as in an ordinary 
blast-furnace, assuming that the costs would be the same in each 
case. As what we have had to say in regard to the construction of 
the furnace and the costs of applying the process is as applicable 
to true pyrite as it is to semi-pyrite smelting, we will only take up 
the subject from the metallurgical and chemical standpoint. 

In the first place let us consider the nature of the atmosphere in 
a pyrite furnace. As the air enters the tuyeres, practically all of it 
enters into immediate combination, forming SOj and FeO. Although 
some oxygen escapes combination, it is not sufficient to support 
combustion within the furnace, as has been shown by Sticht and 
others. Now let us briefly consider the changes which take place 
in the charge as it descends from the charging door to the fusion 
zone. They are few, and may be briefly stated as follows: 

(1) The iron sulphide loses one-half of its sulphur as elemental 
sulphur, and becomes FeS. 

(2) Chalcopyrite. It loses about one-fourth of its sulphur and 
becomes practically a mixture of CujS and FeS. 

(3) The silica is unchanged. 

(4) The coke is for the most part consumed in the upper zone 
of the furnace, but not by oxygen, as no free oxygen exists in 
that part of the shaft, but by the from SOo, that is, the carbon 
of the coke reduces the S0._. giving S and CO, and this CO reacts 
with more SOo, forming S and COo. Aside from these reactions, 
which are of no great ini])ortance in the chemistry of the process, 
the chief office of the coke as pointed out by Sticht,^ '*Is apparently 
to heat up the sulphides and the quartz in preparation for their 
active oxidation deeper in the furnace." If, therefore, coke was 
omitted from the charge we would not have this preparation of the 
sulphides and the quartz as stated by Sticht. Such being the case, 
how detrimental to the process would this lack of preparation be? 

In order to answer this question, it must be borne in mind that in 
true pyrite smelting, there is **no heat to spare,'' and that although, 
as pointed out by Sticht, the heat evolved by the Combustion of 
the coke by the oxygen of sulphur dioxide is only one-third as 
much as it would be if the oxygen were furnished direct by the 
blast, and that it is given off at a point considerably higher than 
the focus of the fnniace. it nevertheless ** assists in preparing the 
charge for the reactions which take place in the focus of the furnace, 
for with 1% of coke in the charge enoXigh heat is generated to supply 
one-third of the heat recjuired to melt the entire pyrrhotite contents 



^'Principles of Copper Smelting,' by E. D. Peters, p. 227 (1907). 
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of the charge." This extra heat ** doubtless furnishes just the neces- 
sary aid to bridge the operation over some critical point." From 
this we see that the office of the coke then is solely for the purpose 
of furnishing heat. Inasmuch as the nature of the charge in true 
pyrite smelting is such as to demand the oxidation and removal of 
a large excess of iron as silicate, and as it is necessary to cause the 
silica present to unite with as much FeO as possible (due to the fact 
that generally silica-bearing materials have to be added for slag- 
forming purposes, and often these are barren and hard to obtain), 
and as the saturation point of silica with iron oxide is greater the 
higher the temperature attainable in the pyrite furnace, it is quite 
necessary that the reactions in the zone of the furnace proceed as 
energetically as possible, in order to meet the requirements stated 
above, and to provide enough heat to keep the process going. If, 
therefore, pyrite smelting be attempted in an electric blast-furnace, 
it would be necessary to supply the heat from the electric current 
in such a manner as to insure there being enough heat at the focus 
to carry on the reactions at that point in the same manner as if 
coke had been added to the charge. The writers are of the opinion 
that it would be possible and perfectly feasible to do this in the 
furnace of the type shown in Fig. 176. Moreover, that the use of the 
electric furnace would permit of a more uniform operation of the 
furnace than is now possible, for, with the electric current, it would 
be an easy matter to quickly increase or decrease the heat required 
for the successful operation of the furnace. In this way we could 
maintain the ** degree of concentration at a constant," which, as 
pointed out by Sticht, is very important, but which is extremely 
difiicult to do. Also, we could avoid the troubles arising from the 
"constant fluctuations" which are bound to occur, and which at 
present demand unbroken attention and frequent changes in the 
charge, especially in its proportion of silica *'due to the fact that 
in true pyrite smelting there is no heat to sj)are, " whereas, with 
the electric blast-furnace, it would be possible, as just stated, to 
increase or decrease the heat as necessary in order to meet these 
fluctuations. 

Summary. — Summarized then we may say that the electric smelt- 
ing of copper ores is nothing more than the substitution of electric 
heat for the heat derived from the combustion of carbon. Inasmuch 
as the carbon which is used either in the reverberatory furnace or in 
the blast-furnace plays no important part in the necessary reactions 
which take place in these furnaces, there is no reason, metal lurgical- 
ly, why electric heat may not be substituted for the heat derived 
from the combustion of carbon. In fact, as we have tried to point 
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Fh;. 17a. Elevation of Ei.kctric Blast-Fubn 
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out, in some cases the reactions would take place to better advantage 
in the neutral atmosphere of the electric furnace than in the reducing 
or partly reducing atmosphere of the combustion furnace. There- 
fore, as to whether the electric furnace would be used for the smelt- 
ing of copper ores would largely depend, so far as we are able to 
make out at the present time, upon the relative cost of coke and 
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Fio. 176. Plan of Elk(,tric Blast-Fitrnace. 



^'^ctric power. As the use of the electric furnace is not advocated 

^s a competitor of the combustion furnace, but as a substitute for 

^ xd those localities where it is not advisable because of the high 

^^Ht of fuel, we see no reason why the electric furnace may not be 

^^Veloped as a substitute for the combustion furnace, where the con- 

^^tions are such as to warrant its use, especially in the treatment of 

^J>per-bearing ores. In this connection it is to be remembered that 

^^ reason why the electric furnace was developed in the iron indus- 

'^^^j for the reduction of iron from its ores was due to necessity. 

^ a matter of fact the field for the electric furnace in the reduction 

^ iron from its ores is a limited one. Perhaps the same is true as 

^^ards the possible application of the electric furnace to the treat- 

^^^-iit of copper ores, but, judging from the comparative costs 

^** shown in the preceding pages, it would seem that the chances 

^^ favor of the electric furnace for the treatment of copper ores are 

^^eater than those for the treatment of iron ores, because there is 

^ot so great a difference in the cost of coke and electric power in 

Copper mining districts as in iron smelting centres. Also the cost of 

electric power is constantly becoming less, due to improvements in 

gas engines and steam turbines, so that, in districts where water 
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power is not plentiful but cheap fuels unsuited to coking purposes 
are available, it may be found more advantageous to use electric 
heat than the heat derived from the combustion of coke. 

It is sincerely hoped by the writers, although it is possible 
at this time to present but few facts, that the comparative study 
herewith presented may serve to stimulate interest in the subject of 
the electric smelting of copper ores, and to cause others to attempt 
a further investigation of it. As a result of their investigations, the 
writers are convinced that experimental work on a larger scale 
should lead to the development of an electric blast-furnace, which 
in some cases could be used to better advantage for smelting sulphide 
ores of copper than the combustion blast-furnace. 



ELECTRIC SMELTING OF COPPER ORES 

(Editorial, November 1, 1913.) 

With the growing importance and availability of electric power, 
especially hydro-electric power, and the continual improvements in 
the design and construction of electrometallurgical apparatus, the 
smelting of copper, and more especially zinc, ores by electrically 
generated heat is a possibility which may well engage the attention 
of those who are concerned with metallurgical progress, as well as 
with the i)ayment of present dividends. The authors of the paper 
presented in the current issue on the application of the electric 
furnace to Westen metallurgy have been engaged by the Bureau of 
Mines to make a detailed study of this subject, and the results of 
their work will be more fully set forth later in publications of the 
Bureau. As is both natural and right. Messrs. Lyon and Keeney have 
adopted an oi)timistic viewpoint, and in the interest of obtaining a 
well-rounded view of the situation, it will be well to call attention 
to the factors unfavorable to the immediate development of an in- 
ilustry ill which the heat for smelting is generated from electrical 
energy. 

In the comj)utation of the cost of electric power for smelting, 
those who take an optimistic view commonly reckon that electricity 
may be obtained at a eost of 0.15c. per kw. hr., or about $10 per 
horsepower-year. As compared to the extraordinarily low cost for 
the production of electric power which has been attained in some 
parts of Europe, this may seem a liberal allowance to the advocates 
of electric smelting. As a matter of concrete fact, however, the 
cost of hydro-electric power, in the mountain districts of California, 
is jf^oO per horsepower-yi^ar to consumers of moderate amounts, and 
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«ven coiuitimers who will take a sti'ady luad of 1(),()00 hp. have to pay 

at the rate of at least $16 per horsepower-year. In his interesting 

paper on hydro- electric developmeiit iii Montana, Mr. Max Hehgen 

makes thi' statement that the coal necessary to develop by steam 

power the 49,500 kw. now produced by the Montana Power (Jo. 

and its subsidiaries would cost $45 per horsppowcr-year. It is un- 

fnrtunately probable that the nae of electric energy for smelting will 

liiive to be developed under unfavorable conditions, rather than 

lliose which are most favorable, and it is only fair to state that thprit 

w i?very evidence that electric smelting will have to be upon the basis 

"I a power cost which is nearer Ic. per kilowatt-hour than the fipure 

iiHiially cited. Ou the basis of a theoretical computation in which 

|| is iiKsnmed that the thermal efficiency of a coke-fired blast-fumaee 

- '>'!% and the efficiency of the electric fumaee is 70%, it is de- 

■i'ii.'i'il that coke and electric energy are on a par at $7 per ton for 

'■nke and JilO per horse-power-year for electric energy. With elecVic 

i"jwpr at the more probable cost of $30, this corresponds to $21 per 

tiiii for coke, and even this figure neglects the cost of electrodes, 

which is estimated at 30e. per ton of charge smelted. The cautious 

manager hopes for the best conditions and prepares for the worst, 

and upon this basis it is difficult to believe that, except under unus- 

iiiilly favorable conditions, electric smelting can be done at a cost 

«hiph will permit of its wide use, for the present at least. 

Other conditions than those of cost are of importance in the 
"'sular conduct of smelting work, however, and it may be pointed 
"It that the barring down of cnists is a normal action in copper 
liliisl-fiirnaee smelting as usually practised. This is almost incom- 
p;itiblc with the use of refractory linings in the construction of a 
"'"elting furnace. The assumption that the thermal efficiency of an 
•■leetrically heated furnace will be 20% greater than that of the 
""'inary copper blast-furnace will require experimental demonstra- 
'""i before it can gain general acceptance. It must not be over- 
'""ked that in experiments which have been conducted, the volatiti- 
-■iiliiin loss was 1% of the copper present when smelting native 
''"P|ier concentrate containing about 30% copper. In the other ex- 
'"'■iinpnta, the volatilization loss is not given beyond the statement 
'""l it is low. It must be remembered that our knowledge of slag 
'■"fnposition and slag losses is based upon practice in which the 
"'irage temperature wilbln the furnace is lower than is likely to be 
"'e ease in electric smelting, where the heat generated is eoneen- 
""ated in a comparatively narrow zone between the electrodes, 
'"^ther than distributed throughout the zone of combustion, as in 
'fi" lilasi -furnace. What difference this will make in practical opera- 
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tion can only be determined by much experiment, in which tl 
Bureau of Mines is properly taking the initative. 

Just as smelting in the blast-furnace, utilizing only the heat of tl 
sulphur in the charge, is theoretically possible, but in practice tl 
use of coke to increase the tonnage handled per day is an econom 
advantage, so the use of electric energy will be conditioned up( 
the profit obtainable from its use, and profits can only be determim 
by introducing all working conditions in experiments upon a wor 
ing scale. Considerations of space prevent fuller discussion her 
but we will be glad to accord space in the 'Discussion' column fi 
the views of our readers. 

It is unquestionable that if the early experiments which painful 
led up to the present converter practice and pyrite smelting hi 
been made by an organization like the Bureau of Mines rather thi 
und^er the irrelevant difficulties at Toston, Butte, and elsewhere 
Montana and Colorado, progress would have been more rapid thi 
was actually the case. Promising experiments have often be< 
dropped because some structural feature unexpectedly failed and tl 
management was unwilling to incur the expense of reconstructio 
We congratulate the Bureau upon being both able and willing 
undertake the work necessary for the development of an exa« 
knowledge of the possibilities of electric smelting. 



ELECTRIC SMELTING OF COPPER ORES 

(Discussion, December 20, 1913.) 
The Editor : 

Sir — We have read with interest your editorial in the Press c 
November 1, on the * Electric Smelting of Copper Ores.' Four mai 
questions are brought up for discussion in the editorial which d< 
serve comment: (1) the effect of power cost upon the adoption c 
electric smelting in the metallurgy of copper; (2) the heat efficienc 
of the electric furnace as compared with the blast-furnace; (3) th 
impossibility of using refractory linings in the construction of 
copper blast-furnace, because of the necessity of frequent barrin 
down of crusts; and (4) the volatilization loss of 1% of the coppc 
present in smelting native copper concentrates containing aboT 
30% copper. 

The Bureau of Mines is gathering data and experimental resuli 
upon questions (1) and (2), namely, power cost for electric fumac< 
and heat efficiency, which it hopes to publish as soon as the require 
information is made complete. 
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In reading your Htalement regarding the ineorapatihility of the 
US',- ufrefraetory linings in a smelting fnrnaee where it is necessary 
\." har down crusts as in the eojiper lilast-fiirnace, we feel that thera 
man iiit'en-nce that a wati-r-j aeketed shaft would not he used in the 
Atzlrk furnace as in thi^ ordinary blast-furnace To clear up any 
doubt on this question, we qu(de from onr paper on 'The Smelting of 
I'lipper Ores in the Electric Furnace,' page 2139 of the August 
liidlftin of the American Institute of Mining Engineers, where it is 
sliited : "To begin with, let us assume that our furnace is similar in 
■I'listniction to a modern copper blast-furnace, and that the upper 
|iart of the furnace, including the tuyeres, is practically identical 
n'ith the same. Below the tuyeres the furnace could be constructed 
lis shown in Fig. 17a. By referring to this, it will be noted that there 
are elw'trodes extending down into the crucible, the arrangement 
I'f wbich along the sides of the crucible, can be noted by referring to 
the plan of the furnace in Fig. 17t. " The shaft of the electric shaft 
furnace pioposed by us for copper smelting, is thus water-cooleil 
luil made of water-jackets as in the Maat-furnace. This shaft is set 
"vcr a cnicibli', as is the ease in the Swedish electric pig iron 
furnace; but differs from the Swedish furnace in that it is rectaugu- 
liit rather than circular in cross-section. Only the crucible of the 
proposed furnace, described in our paper, is lined with refractory 
iist*rial, and is also covered by a roof of refractory material at the 
lides. The walls of this crucible could be made of water-jackets, 
'f the eieetrodes were insulated from the shaft walls and crucible 
*»lls by a roof of refractory materials. There is, however, no need 
"'adding this complication to the electric furnace, as no crusts could 
P*aibly occur that far down in the furnace. The refractory lining 
lithe crucible would easily stand the ordinary wear on it, as has 
l>ew found to be the case at Trollhfittan. In the electric furnace 
"aid in ferro-alloy and calcium carbide manufacture, there is a 
'widency for the material to freesie on the refractory lining to such 
""wleut that eventually the charge itself really forms the lining of 
ll* furnace. Furnaces have been run for two years without being 
'*'ined. In some works, when the charge doe,i not chill enough to 
fcrm a protective lining, a water spray is played on the steel shell 
['' Ihe furnace, or in some cases the crucible is water- jacketed, but 
"■ niOHt plants this practice has been discontinued on new furnaces, 
"hich are designed with the electrodes at sufficient distance from 
''le walls to keep the materia! frozen on the walls of the crucible. 

On page 2124 of the paper above referred to, we ha%'e stated in 
Wnoiusion : (2) "The in-rcentage of eopper in the slag need not 
'■^peed 0.25, with a sla-; of proper compnsitiiui. The loss in the slairs 
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should not exceed 0.5% of the total copper charged. Other losses 
should not exceed 1%, giving a total loss of 1.5% of all the copper 
charged." In your editorial you state that the loss of copper by 
volatilization was 1% of the copper present. The 1% representing 
** other losses" does not consist alone of a volatilization loss. It in- 
cludes volatilization, oxidation, hangings of partly fused ore and 
dust loss, which includes both the fine material lost in mechanical 
handling of the fine concentrates at the furnace, and the dust blown 
out of the furnace by the gases. In the operation of a small furnace 
there is considerable mechanical loss by hanging and blowing out of 
fine material by the gas. In our experimental work these two factors 
seemed to be the chief cause of copper loss, and we found it im- 
possible to separate these losses, because of the small working scale 
of the experiments. 

We appreciate verj' much the friendly criticism expressed in your 
editorial, and merely wish to correct any mistaken impression which 
may have been given in reading our paper. We hope in a short time 
to present the detailed results of the experiments which have been 
carried out to date. 

Dorset A. Lyon. 

Robert M. Keeney. 
Pittsburgh, November 10. 

[We are glad that our editorial comment has evoked such interest- 
ing additional information on the points of leading interest to the 
operating metallurgist. The important data and experimental re- 
sults on the effieency and power cost of electric smelting which are 
promised will be awaited with keen interest by all. — Editor.] 



SMELTING COPPER IN SMALL REVERBERAT0R7 FURNACES 

By Edwin M. Clark 
(April 23, 1910.) 

About October 1902, the Richardson brothers employed me to go 
to their mining properties, situated in the rugged mountainous dis- 
trict of Saliuaripa. Sonora, Mexico, about 150 miles by trail in an 
easterly direction from Torres, a small station on the Sonora rail- 
road, to investigate the possibility of smelting their ores. At that 
time they were shipping each month, by pack-mules and burros 
over the above trail, something like 45 tons of first-class ore and 
concentrate from their mine at La Bufa, and the same amount of 
concentrate, with from $6000 to $10,000 worth of silver sulphide 
from the lixiviation plant at Santa Rosa. 
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The metbciil of procedure was as fnllows; Tlic ore as it eaiiie from 
me was first hand-sorted to separate the first and second- 
re from the tine which latter was passed over shakiiig screens 
J as to classify it. The coarse product was hand-jigged at the mine 
ind the concentrate obtained was added to the first-class ore. Tlie 
oiddting from these jigs and all the other fine and the second-class 
■vre. amounting to about 200 tons per month, was sent by mule back. 
■,sinp miles tu Santa Rosa, at a cost of PS per ton; where the coarser 
Tore was crushed with rolls and concentrated ou jigs and tables, the 
I middling and fine S"''ig to stamjis to be crushtid fine enough to 




I ehloridiKe by roasting with salt in small haud-roastiug furnaces. 
I The soluble copper Siilts were then washed out with water and run 
[ to waste. The ehloride of silver was leached by hyposulphite of 
I Boda and lime, precipitated with sulphide of lime, dried, sacked, and 
iBhipped to the railroad. This was an expensive operation. The 
I manager saw tlial if he could smelt the ores at the mine it would 
Kreduce this local expense as well as save the copper they were losiiiR : 
■ besides by eoneentrating the copper-silver into matte or black eo|i- 
Ijwr, it would make an enormous saving in the transportation ex- 
ll>euse to the railroad. I recommended reverberatory smelting, on 
Bftccount of its adaptability to making copper matte, using cordwood 
mior fuel. It also required less metallurgical skill than a blast- 
-furnace. The ores being coarse and fine concentrate would not have 
I be l>rii|iietted after roasting, so llie Kiiiey lejid-eopper eoiicen- 
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trate. rich in silver, would be reduced with less loss in fume and 
flue-dust than in a blast-furuace. 1 was requested to take charge 
of the metallurgical department and proceeded to make plana for 
the mill and fiiruai-ea. These consisted primarily of a 24-ton cod- 
centrator and a 14 by 50-ft. roasting furnace, built of stone and 
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red brick at a cost of about ^3000, which was connected to the same 
flue as the smelting furnaces. The flue consisted of a trench run 
up the side of a hill to the top of a small butte on which was built 
a 20-ft. stack. The trench was 300 ft. long. When arched over it 
had a dimension of 4 by 6 ft. in the clear, and a height above the 
reverberatory furnace of about 110 feet. 

The roasting furnace would desulphurize 12 tons in 24 hours, of 
a mixture of first-class ore and concentrate, from 23.8% down to 7%, 
three Mexican cords of wood (96 cu. ft.) were used per day, seven 
men were employed on a shift of 12 hours, including the foreman, 
• and the cargador who brought up the charge and wood. A small 
7 by 13-ft. reverberatory furnace, the description of which is the 
subject of this paper, was also built. Through the courtesy of the 
La Dura Milling & Mining Co. I obtained their hand brick-press, of 
German make, which molded a brick 2^^ by 5 by 10 in., with which 
were made all of the common and silica bricks needed at the rate 
of from 1200 to 1500 per day. In searching for material to make 
the refractory bricks, I found an inferior fire-clay at Ocotes, some 
15 miles north of the mine, which gave the following analysis : 

Per Cent. 

SiO, 68.77 

FeaO 3.96 

AUO, 16.64 

CaO 2.23 

Loss by ignition 4.12 

95.72 

Also a quartzite was foiuid at La Trinidad 17 miles away, which 

was crushed dry at the mill, fine enough to pass a 30-mesh screen. 

This gave the following analysis : 

Per Cent. 

SiOj 95.15 

A1,0, + FeA 4.15 

CaO 0.60 



99.90 

To make the silica bricks, 2 parts of the crushed clay were mixed 
dry with 5 parts of pulverized quartz (by measurement) in a mortar 
box, and enough water was added to make a batter of the material, 
of the same consistence as ordinary lime-mortar. After thoroughly 
mixing, it was thrown upon a canvas to dry until stiff enough to 
press into bricks. In the meantime other batches were made in a 
giipju Planner, so that the pressing of the bricks could continue 

"idly. The reason for this was to get an intimate mixture 
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of clay and quartz. The bricks when molded were carried hy boys 
upon a small piece of board to a level patio, where they were placed 
to dry, after which they were built into the centre of the kiln. The 
outside and arches of the kiln were built of common brick so as to 
protect the more fragile silica-bricks. The common red brick was 
made from clay and sand found near the mine. The silica-brick 
when burnt gave the following analysis : 

Per Cent. 

SiO, 90.10 

Fe,0, 2.67 

A1,0, 5.33 

CaO 1.25 



99.35 

These bricks were rather fragile but stood the fire well. 

As will be seen by the plan of this 7 by 13-ft. hearth-furnace, it 
was built without a vault, starting upon a solid foundation of 
country rock. The outline of the furnace was built of red brick, 
and when high enough the tie-rods were put in place and the walls 
continued. A foot of crushed rock and common clay was tamped 
in the bottom, after being slightly moistened ; upon this was placed 
6 in. of clean sand, leveled off, and a layer of red brick followed. 
Upon this was tamped brasque, consisting of one part of inferior 
fire clay, one part of clean sand, and one part of fine charcoal, with 
suflficient moisture to make it adhere when pounded by the tamping 
sticks. This was scraped or cut to conform to the shape the hearth 
was to assume when completed. Upon this was placed the silica- 
brick on end. Beginning at the bridge-wall, a wedge was set in 
the centre of the hearth, so as to make all of the bricks incline a 
little, the idea being that they would not float up as quickly as if 
perpendicular. The brick was dipped into water, then into a batter 
of fine clay and quartz, of the same composition as the bricks, and 
set as snugly as possible until they reached the walls of the red brick 
on the side of the hearth, leaving no large cracks or open spaces be- 
tween the bricks or rows that follow. When completed the floor 
inust have the shape and conform to that given to the brasque 
beneath. The ends of the bricks where they join the outer wall of 
t&e furnace, are cut sufficiently to allow the 10-in. lining or inner 
wall of silica-brick to have a firm seat upon them ; then the walls are 
completed to where the skew-backs are placed for the arch. To 
build the arch, I filled the body of the furnace with sand to within 
a few inches of the skew-backs, upon which was tamped a mixture 
of clay and sand a little fuller than was necessary for the forming 
of the arch; this was scraped to the desired form, and the brick 
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laid upon it by beginning at the chimney end, placing the buck- 
staves and tie-rods as they were reached and driving the wedges 
just tight enough to raise the row of bricks a little above the form 
beneath. There were provided one hole for the feeding of the 
charge and eight small holes over the bridge-wall to admit air for 
perfect combustion. When finished the sand is withdrawn, and the 
hearth swept out, the doors ymt in place, and about ^ ton of pul- 
verized slag placed upon the hearth around the edges. It is thei. 
gradually dried, the doors are closed and brought to the highest 
heat possible. Leaving the doors sealed the fire is allowed to go 
down until the hearth is dull red, when the first charge of one ton 
of sulphide ore is added and quickly smelted in. Then follow the 
regular charges of lYo tons. It required about 7 days to fill the 
hearth with matte and it yielded about 9 tons of matte when tapped. 
The calcine smelted had the following analysis : 

Per cent. 

SiO, 31.62 

FeO 15.34 

AlA 12.52 

CaO tr. 

PbO 9.00 

ZnO 7.40 

S 6.10 

Cu 13.10 

Ag 0.634 (0.634% = 185 oz, per ton) 

95.614 

The matte produced had the following composition : 

Per cent. 

Cu 50.5 

Pb 12.0 

Zn 3.2 

Fe 4.2 

S 25.0 

Insol. residue 2.1 

Ag 2.225 (2.225% = 661 oz. per ton) 

The slag gave analysis : 

Per cent. 

SiO, 44.10 

FeO 20.60 

AlaO, 16.64 

CaO 5.28 

PbO 3.40 

ZnO 9.10 

Cu 0.70 

Ag 0.026 (0.026% = 7.e (MB, per ton) 
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The slag shows the silver to be too high for good work, but this 
was due to the fact that I did a great deal of smelting with green 
wood, and it was almost impossible to drive the charge as rapidly as 
it should have been done at a time when the gases were coming off 
freely. With dry mavtn or pine wood. I was able to smelt at the 
rate of % cord of wood per ton of charge, and to skim each charge 
of 1'/. tons every 2 hr. and 30 miu. The heat we attained was 2 hr., 
7 min. With this small furnace I smelted over 1000 tons in four 
months, and the furnace was in as good condition as at starting. It 
could have been run for a long period with reasonable repairs. It was 
abandoned for a larger furnace, with a 10 by 20-ft. hearth, built in 
me way, which was used intermittently for three years. I say 
intermittently, because it was closed 7 times one season, and 9 times 
another, on accoiuit of trouble in getting freighters to pack in the 
wood, dne to rains and to the Indian war in progress at that time 
in the Yaqui district. I employed one American on each shift as 
skimmer, and two Mexicans to fire the furnace, remove the slag and 
ashes, and another Mexican to bring np the wood and to help put 
the charge into the hopper. 

In regions remote from transportation, where wood is abundant 
and inexpensive to obtain, if the management will use nothing but 
well seasoned dry wood, and have sufficient ore available for a long 
campaign, the small revcrberatory smelting furnace above described, 
can be made to smelt between 10 and 15 tons per day of 24 hr., with 

Iless than % cord of wood per ton where one-half of the charge is 
lot calcine. Any intelligent person who will be careful of the 
material used can make a silica-brick which will stand well in such 
a furnace. 1 do not, of course. recnmnuMid wood where coal can be 
obtained. 
, RECENT COPPER SMELTING 

(Editorial. May 18, 1912.) 
We are fortunate i^nough to be able to present this week a brief 
account of copper smelting practice at the plant of the ('ompagnie 
du Boleo, written by a well-informed engineer. This is interesting, 
both because the company does not follow the common American 
custom of allowing engineers free access to the plant and its records, 
and because- the working conditions are so exceptional. The slag 
analysis, given by our correspondent, is unusual in its composition, 
though not in its character. Assuming that the atnmina acts en- 
tirely as a base, and that manganese is equivalent to iron (the atate- 
I jnent of manganese as MnOv evidently being merely for analytical 
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purposes), and computing the oxygen ratios, we find SiOj, 27.55; 
Al^Oj, 8.45 ; FeO.MnO, 2.67 ; CaO, 3.14 ; or an oxygen ratio of acid 
to base of 27.55 to 14.26. The slag is evidently slightly more basic 
than bisilieate, and since Mr. H. O. Hofman, in his admirable work 
upon the formation temperatures of silicates, has shown that the 
substitution of MnO for FeO slightly raises the temperature of 
slag formation, while AlaOg, when substituted for FeO and CaO, 
lowers the temperature of slag formation until three-eighths of 
those bases has been replaced, and then raises it rapidly, it is not 
remarkable that the furnaces run with a high temperature in the 
zone of fusion, a considerable degree of fluidity, and the rapid 
separation of the high specific gravity matte. Slags high in 
manganese are not uncommon, and Mr. J. A. Church has recorded 
his experience in smelting silver-lead concentrate in Arizona, with 
the formation of a satisfactory slag containing over 40% manganese. 
Our correspondent employs a loose expression common among 
metallurgists in speaking of slag containing a high percentage of 
SiOa, as being necessarily an acid slag. Percentages depend upon 
weight, while the acid or basic character of the slag depends upon 
the molecular ratio of the acid to the basic constituents. If the 
basic constituents have small atomic weights the same percentage 
of silica which represents an acid slag would, with bases of large 
atomic weights, represent a very basic slag. 

The use of narrow long furnaces at this plant may be contrasted 
with recent development of smelting practice at the Great Falls 
plant of the Anaconda Copper Mining Co., where Messrs. A. E. 
Wheeler, superintendent, and M. W. Krecji, metallurgist, under the 
management of Mr. C. W. Goodale, have developed furnaces 84 in. 
wide, the necessary blast penetration being secured, as in the iron 
blast-furnace, by so proportioning the cross-section of the furnace 
as to obtain a throttling action near the top of the shaft, thus caus- 
ing the blast to spread throughout the smelting zone by pressure, 
rather than by depending on the initial velocity of the blast to se- 
cure penetration. The use of this design has permitted a lowering 
of the blast-pressure to 20 or 25 oz., with campaigns a week long 
without barring off crusts at the tuyeres. The wide furnace offers 
less radiating surface than a long one, and where it is operated so 
that barring down is minimized the resulting economy in heat re- 
quirement is worth securing, and construction costs are lessened. 

Even more notable are the converter records which have been 
made at the Great Falls plant. The converters now in use are of 
the Anaconda type, 12 ft. in diameter and provided with 26 tuyeres, 
iisinir blast at 11 or 12 pounds per square inch. These are lined 
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with magnesia brick, and one converter has made over 7000 tons of 
copper without relining, while an earlier type of converter, of the 
same size but with only 15 tuyeres, has been in continuous opera- 
tion since March 9, 1910, and has made over 12,000 tons of copper 
from a 28.9% copper matte. Including cold seconds, about one ton 
of cold material has been handled per ton of matte converted, so 
that this converter has treated some 60,000 tons of material with 
the one lining. This is a record of which the able metallurgists who 
have made it may well be proud, and technical men generally may 
share in their pride, since it is undoubtedly to a considerable degree 
secured by the employment of a staff of technically trained young 
men as investigators to study every operation and to plot records 
and collect data, so that each day *s experience may serve as an in- 
fallible guide to the solution of the problems of tomorrow. There 
is no waste so regrettable as the waste of experience, and employ- 
ment of trained minds is cheaper in the end than the cut and try 
method with structural steel, labor, fuel, and valuable ore. We 
hope later to be able to present details of some of the results thus 
secured, and we take this opportunity to congratulate the metallur- 
gfists concerned as highly upon the methods employed as upon 
the results obtained. 



EL BOLEO SMELTING PRACTICE 

By An Occasional Corbespondent 
(May 18, 1912.) 

The chief interest attaching to the copper-smelting methods at 
the plant of the Compagnie du Boleo at Santa Rosalia, Baja Califor- 
nia, re8ult4s from the remarkably high percentages of silica and 
alumina in the charge. It is doubtful whether any other smelter in 
the world has continuously for long periods produced a slag averag- 
JDg approximately : 

Per cent. 

Silica (SiOsj) 52 

Alumma (AlA) 18 

Ferrous oxide (FeO) 6-8 

^langanese dioxide (MnOg) 4-6 

Calcium oxide (CaO) 10-12 

This unusual practice is due to the commercial necessity of dis- 
pensing with costly fluxes. Although deposits of hematite, pyrrho- 
tite, and, to some extent, of pyrite, are not uncommon in Baja Cali- 
fornia and along the west coast of Mexico, they are generally un- 
available for use at port smelters, owing to their inaccessibility, and 



142 RKCKNT COPPER SMELTING 

also because of the low tenor in marketable metals characteristic of 
the west Mexican ores. High-grade ores in that region have never 
yet been developed in commercially important quantities. Hence 
the fluxes which are known to exist would more than eat up the 
value of the marketable metals in the smelting ores. At El Boleo, 
for example, the average copper content in the charge lies round- 
about 414%. It will readily be seen that the best California fluxes, 
even if sold at prices barely covering the cost of mining and load- 
ing, could not stand the charges of transportation by land and sea, 
plus the cost of putting through the furnace, with an ore of such 
grade, and the west Mexican fluxes would cost even more to move 
to Santa Rosalia than the ferrous ores of California. 

While full details of El Boleo practice, rendering possible so 
brilliant an achievement as that attained by M. Michot, the mana- 
ger, in reducing the FeO requirements to 6%, are not at hand, the 
conditions are sufficiently well known to give to a metallurgist an 
appreciation of the leading features. 

The furnaces are of the most simple construction, measuring 12 
ft. 6 in. by 3 ft. 6 in. inside, at tuyere-level. The water-jackets are 
2 metres high, succeeded by 2 metres of brick shaft extending up 
to the charging-floor. The feed-doors are about 4 ft. high, the iron 
hood contracting above these to the chimney, from which latter the 
down-take leads off to the dust-chambers and main chimney. The 
furnaces are built with crucibles, and the settled matte is tapped 
off at intervals. It was found economically impossible to employ 
a forehearth on account of the rapid chilling of so acid a slag. A 
curious feature of the slag-discharge is that it is allowed to flow 
continuously from each end of the furnace through 4-in. slag-ports. 
It would occur to a metallurgist at once that this would lead to 
enrichment of the slag in copper. Actually the Boleo slags carry 
not less than 0.5% Cu, which is above what the majority of smelters 
elsewhere are willing to concede. The separation of the matte under 
such circumstances must be extremely rapid, else the slag would 
certainly carry much more than 0.5% Cu when drained from the 
slag-line inside the furnace. This may be explained by the high 
degree of fluidity imparted by the considerable quantity of manga- 
nese, at the high temperature prevailing just below the fusion-zon 
inside the furnace, but beyond doubt the high specific gravity 
the matte contributes to this result, its copper tenor being abov 
60%, and often more than 65%. In passing, it is of interest to not 
that a premium of £2 per long ton is paid by the European refine 
for matte of this grade, owing to its desirability for mixing wit 
low-grade matte for blowing in the converter. 
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]| will he noticed that the tunaHt't; is relatively narrow (42 in.), 
Miat the coliimD is relatively' high {13 fl. 1|>. in.) and relatively long 
12 ft. 6 iu.)- The tuyeres hto 12 in ntnnher mi eaeh side, and iiave 
a diameter of 4 in. Thim conditions me favorahle for a good air- 
penetration at moderate iircasiire, llir watiT-gange actually rending 
between 50 and 60 centimetres. 

The furnaces aro run very slowly, each of the ten in blast smelting 
about '250 tons of charge per day. They are operated with a cool 
top, which is partly due to the slow speed of smelting and partly 
to Iht' fact that the charge carries from 20 to 30% of moisture, the 
evaporation of which lowers the temperature in the upper part of 
tile stack. Only a smull part of the moisture contained is present as 
{combined water. The copper in the ore is almost wholly iu the form 
of chalcocite and eovellite. The coke used amounts tu about 12% 
of the charge, and it is claimed that it is more perfectly burned to 
carbon dioside than i.s usual in copper-smelting praelice in America. 



GROWTH OF REVERBERATORY SMELTING 

(Kditorial, July n;, 1910.) 
Reverberatory smelting of copper ores is becoming more general 
la this country. The success attending the use of furnuces of this 
'>'pe already in operation at Cananea has led to the building of an 
Additional furnace which will soon be placed in commission. The 
I>reclice is the result of demonstrated economies in operation. If 
**'"aier-power were available tlie same eommerciai advantage would 
"ot obtain. It is mainly because the waste heat can be utilized in the 
'l*^"Velopmcnt of power that the reverberatory shows marked economy 
**« coutrastcd with the blast-furnace. As shown iu a receut article 
1* *-». Wished in these columns 0.77 barrel of oil is burned in the tire-box 
f«:>:r every ton of charge smelted. Of this amount only 0.33 barrel 
I* chargeable to actual smelting while 0.44 barrel represents recovery 
*■* the form of steam generated in the boilers through which the flue- 
S^tses arc conducted. At Anaconda and Salt Lake a like warrant 
*^* employing the revcrbcratories exists. An additional advantage 
^^^^Lsists in the greater flexibility of the reverberatory iu taking 
**-re of sudden changes in the composition of the charge. The blast- 
furnace needs to be operated with great uniformity in order to yield 
*^e best results. Though it can be operated with wide variations iu 
•*e percentages of silica and bases it is not economical when sudden 
^t ianges occur. This statement may be debatable, but there is no 
^^^«ubt that the reverberatory is less sensitive iu this regard. The 
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reverberatory will successfully smelt fine ore and flue-dust, while 
these materials when put into the blast-furnace produce an excessive 
amoiuit of flue-dust, and herein lies another reason for the rapid 
growth in favor of the former type of furnace. The present situation 
of the custom copper smelters inclines the balance in the same 
direction. The quantity of concentrate offered is steadily increasing, 
while smelting ores are becoming scarcer. Purthermpre silicious ore 
is not so abundant as formerly, because of the expansion of milling 
and other forms of local treatment. Basic ores usually make con- 
siderable fine material, and this is not adapted to the blast-furnace. 
Thus the reverberatory finds a large field of usefulness, in spite of 
the fact that it is more particularly applicable to charges of relatively 
high silicious content. It is easier to secure a serviceable acid than 
a basic fettling, and the dust from basic charges tends to corrode the 
arch and walls. The utilization of highly silicious fine ore has been 
suggested as a means of overcoming this difficulty, the plan being to 
introduce a certain amount of such material at the beginning of 
each charge so as to give the arch and walls a protective coating of 
acid dust. Less basic dust would then adhere, and corrosion would 
probably be lessened. 

It is stated that the Garfield smelter near Salt Lake may soon be 
using reverberatory furnaces almost exclusively. An addition to 
this part of the plant is already being made. This is being done in 
anticipation of the larger deliveries of concentrate from the Utah 
Copper Co.'s mills that will follow the reconstruction of the mill 
acquired from the Boston Consolidated. At the same time it is 
noteworthy that other custom ores are not being offered in such 
abundance to the Garfield smelter as to insure a supply sufficient for 
its blast-furnace plant. The new copper smelter of the International 
Smelting & Refining Co. in Pine Canyon contains five reverbera- 
tories and no blast-furnaces. This is the first large plant to be con- 
structed in America in which blast-furnace smelting plays no part. 
The reverberatories at Pine Canyon are 102 ft. long, by 19 ft. wide, 
and each will treat about 250 tons of charge per day. It will be 
noted that the length of the furnace is less than that of the old 
furnaces at Anaconda, and it is considered open to question whether 
even this length is not greater than is actually required for economic 
work. There is a limit of size beyond which no gain is experienced. 
In the opinion of some experienced metallurgists no advantage is 
obtained by making a reverberatory longer than 80 or 85 ft. The 
smelting is finished at that distance from the fire-bridge, the re- 
mainder of the hearth serving only to admit of further separation 
of matte from the slag, and it is doubtful whether equally good re- 



nECENT ('OPPER SMELTING 145 

suits might not be obtained in a shorter furnace. This would ap- 
parently render it possible to recover a larger amount of heat from 
the waste gases, and make the smelting costs proportionally less. 
The Pine Canyon smelter, while built primarily to treat the ores of 
the Highland Boy mines, will also do general custom work. This 
makes all the more interesting the fact that no blast-furnace smelt- 
ing will be attempted. All ores received will be crushed in the 
sampling mill to a maximum size of % in. The crushing plant is 
exceedingly compact, and contains Blake crushers and rolls ex- 
clusively. The converter house contains one stand for each rever- 
beratory, but it is doubtful whether more than two converters will 
be required. The furnaces and converters are all connected to a 
dust chamber 120 by 140 ft., and 40 ft. high, the roof being of brick 
held by I-beams sustained by trusses on the outside, and further sup- 
ported by steel columns surrounded by hollow masonry, the latter 
serving partly to keep the columns cool and partly to draw air into 
the tunnel beneath, where the dust will be dumped from hoppers into 
cars. The draft will be induced by a stack 350 ft. high, 36Vi ft. 
diameter at the base and 25 ft. at the top. 

The present tendency is distinctly toward a more extended use 
of the reverberatory furnace, and important developments in practice 
are likely to follow. Modifications in size and in the lines of the 
furnaces are to be anticipated, all having for an object the intro- 
duction of higher economy. Conditions in this country do not favor 
the adoption of the Mansfeld practice with tall blast-furnaces and 
a closed top. By that means the waste gases may be utilized for 
the development of power, and the dust losses are kept within 
narrower limits. In America, however, ores suitable for smelting 
under such conditions are not abundant, and the reverberatory 
seems to oflfer a better solution of the problem where dependence 
upon fuel instead of water-power is necessitated. 
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DEVELOPMENT OF THE BEVERBEBATORT COPPER 

SMELTING FUBNACE 

By E. P. Matuewson 
(November 9, 1912.) 

Historical 

•The early development of the reverberatory furnace for smelting 
eopper ores was the work of the Welsh smelters, particularly those 
of Swansea. The first record of a reverberatory furnace is made by 
Jars, who states that in 1765 eopper smelting was effected in 
reverberatory furnaces at Middleton-Tyas, in Yorkshire, England. 
The first patent, of any importance, for improvements in reverbera- 
tory furnaces was granted to Thomas Williams in 1778 for the 
granulation of the regulus. The next was that of William Evetts, 
in Sheffield, in 1812, for cooling of the fire-bridge by the admission 
of air. Charge hoppers above the furnaces were in common use in 
1848. The size of the hearth of the furnaces, about the beginning 
of the nineteenth century, was commonly 11 by 8 feet. 

No material development was made until the Welsh process was 
brought to Colorado, where Richard Pearce, as manager of the 
Argo works near Denver, developed the furnace to meet the require- 
ments of a custom plant, under keen competition with lead-silver 
smelting plants using blast-furnaces. His improvements are out- 
lined in Fig. 19, elaborated by permission, from E. D. Peters' * Mod- 
em Copper Smelting,' to which the reader is referred for further de- 
tails. This figure shows that the furnaces were, in 1878, 9 ft. 8 in. 
by 15 ft. in hearth ; and in 1894 16 by 35 ft., while the capacity of 
the furnace,' had been increased from 12 tons per 24 hours to 50 tons. 
The next step in deve]oi)nient was made in Butte, Montana, by the 
C'olorado Snieltin*^ ('o., this plant l)ein,Q: at that time affiliated with 
th(^ Ar^'o works, so that Mr. Pearce 's infiuenee was apparent. This 
was the lenjL»:thening of the hearth to 50 ft., with consequent increase 
in capacity to 105 tons in 24 hours. The first furnace of this size, 
built from the Colorado Smeltinp: Co.'s plans, was constructed at 
the Butte & Boston plant in Butte, Montana, in the year 1900. De- 
tails of Montana practice, up to the year 1902, will be found in a 
paper by il. 0. Hofman entitled * Notes on the Metallurgy of Copper 
of Montana/ Trans A. I. M. E., Vol. XXXIV, pp. 258-316. The 50- 
ft. furnace became very popular in Butte and Anaconda, and when 



*A paper presented at the Eighth International Congress of Applied Chem- 
istry, and reprinted by permission of the author. 
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the Washoe smelter was built, in 1900-1002, the 50-ft. reverberatory 
was adopted and 14 of these furnaces constructed. 

The next improvement was the addition of limestone to the charge 
of the calciners so that it was thoroughly mixed into the charge be- 
fore dropping the charge into the reverberatorics. This apparently 
insignificant change resulted in greatly increasing the capacity of 
the furnace. The next step was the building of a furnace with a 
60-ft. hearth, the results from which were so encouraging that a 



148 RECENT COPPER SMELTING 

furnace with a hearth 85 ft. long was tried, with corresponding 
increase in tonnage. Then the radical step was taken at the Washoe 
plant of connecting two 50-ft. furnaces, making a single furnace 
with a hearth 102 ft. long. The saving in fuel and the increased 
tonnage caused the management to build a furnace with a hearth 
116 ft. long. The results of these experiments are given in the fol- 
lowing tabulation, compiled by William Wraith, superintendent of 
the Washoe smelter: 

Effect of Lengthening Reverberatoby Fi'bnaces at the Wasuoe Smelteb 



Hearth areas of Tonnage per Ratio of cupreous 
furnaces, ft. 24 hours. material to coal. 



furnaces, ft. 


24 hours. 


material to coal. 


Averages. 


19 by 50 


121.74 


2.75 


For 1 year 


19 by 60 


190.7 


3.94 


For 7 months 


19 by 85 


234.1 


4.13 


For 7 months 


19 by 102 


264.9 


4.31 


For 4 years 


19 by 112 


267.1 


4.30 


For 4 years 


19 by 116 


270.1 


4.19 


For 4 years 



The percentage of copper in the slags from the different furnaces 
averaged as follows: 

Hearth length. Copper. 

Furnace. F^et. Period. % 

No. 1 50 Sept. 1903-Mar., 1904 0.60 

No. 6 60 Mar.-Sept. 1904 0.44 

p^o. 1 85 May-Dec. 1904 0.42 

No. 1 102 Jan. 1906-May 1911 0.39 

No. 4 112 July 1906-May 1911 0.38 

No. 1 116 Jan. 1906-May 1911 0.36 

The reverberatory furnaces as originally built at the Washoe 
smelter had a hearth area of 19 by 50 ft. After some months of 
operation it was decided that a longer furnace could be operated 
to better advantage. To determine the length best suited to the 
conditions one furnace was lengthened to 60 ft., another to 85 ft., 
another to 102 ft., another to 112 ft., and finally to 116 ft. in length. 
The draft at the bridge wall was from % to 1 in. of water; the fire- 
box area 7 by 16 ft. The coal used was from the Anaconda Copper 
Mining Co. s mines at Diamondville, Wyoming, having the fol- 
lowing average proximate analysis and thermal value: 

Analysis: IL,0, 6.13%; volatile matter, 36.28; fixed carbon, 45.42; 
and ash, 12.17%. 

Thermal value- Wet coal, 11,710 B.t.u. ; dry coal, 12,390 B.t.u. 

There was some variation in the quality of the coal, the ash rang- 
ing from 6 to 16% and the thermal value from 10,750 to 12,000 
B.t.u. per pound of wet coal, or from 11,000 to 13,200 B.t.u.' per 
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■ dry coal. There is also some variation iu material smelted 
lanipulatioD by the different furnace erews. 
Mmtory furnaces in different localities present their own 
w uid the lengths of furnaces will be found to be functions 
■pe of fuel, draft, tonnage to be smelted, and investment. 

this time the Garfield plant of the American Smelters 
n Co. was being built near Salt Lake City, Utah, and for 
It famaees with 100-ft. hearths were adopted. Then the plant 
botdt, Arizona, of the Consolidated Arizona Smelting Co. 
'O fomaces with 100-ft. hearths, using oil for fuel. The 
]daDt, at McGill, Nevada, followed with five furnaces with 
110 ft. long, coal-fired, changed to oil-firing in 1911. The 




Fie. 20. Abbam 



I Copper Co. put in one furnace with hearth 100 ft. long 
-dust in 1906, followed by a second in 1911. Experiments 
ied with coal-dust firing, but cheap oil being available, the 
at experiments were discontimied and oil substituted. The 
is referred to L. D. Rickett's article on experiments in 
ratory practice at Cananea {Trans. Institution of Mining and 
rgy, Vol XIX, p. 147). 

Kompanying table A gives important data on the best modem 
tioos of reverl)eratory furnaces, and the table of analyses. B, 
e details of the chemical composition of the charge, the slag. 
te, and the fuel. The features that distinguish the modem 
^tory are its length, solid bottom (monolith of fused quartz), 
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Table B. Analyses of Matebials Used and Pboduced. 



Charge 



81ag 



'Anaconda , 

C^inHnva 

Oivat Falls 

Onrfield 

Steptoe (McGill). 

Coal tired 

Oll-nrod 

.TcKJole 

Anaconda 

Cananca 

<;reat Falls 

Garfield 



Matte 



Stept«ic (McCJlll).. 

Coal-flred 

Oil-fired.... 

Tooele 

Anaconda 



Cananea 

Great Falls 

Garfield 

Steptoe (McGill). 

Coal-fired 

Oil-fir«d 

Tooele 



Copper. 


Silver. 
Oz. Per 


Gold. 


SlOs. 
Per" 


Feand 
Mn. 

Per 


CaO 


8 


: Per 


Ox. Per 


Per 


Per 


! Cent. 


Ton. 


Ton. 


Cent. 


Cent. 


Cent. 


Cent 


; 9.:<1 


6.43 


0.028 


2K.63 


26.46 


3.50 


7.34 


' 6.43 


2.-22 


0.14 


26.96 


31.84 


2.58 


9.59 


9.17 


3.77 


0.0236 


22.50 


26.91 


4.20 


11.40 


12.00 


3.50 


0.16 


30.00 


22.50 


11.50 


10.50 


i 13.60 


0.401 


0.078 


2h.») 


25.90 


5.80 


9.50 


13.10 


0.345 


0.078 


27.60 


24.10 


5.40 


9.30 


2.90 


3.80 


0.11 


30.50 


35.00 


3.80 


6.50 


0.:«i 


0.19 


0.0006 


39. (» 


32.KJ 


4.62 


0.91 


o.a» 

0.3.> 


0.11 
0.12 




37.44 
42.50 


33.58 
23.64 


3.83 
11.60 


1.08 1 


Trace. 


0.48 ; 


0.45« 


o.<« 


Trace. 


46.50 


20.58 


17.50 


1.00 
App'x 


0.4ryt 


0.06 


o.oa5 


40.20 


28.90 


10.50 


0.40 


O.o0« 


0.02 


0.007 


42.00 


•2i.90 


10.90 


0.20 


0.431 


0.45 


0.008 


4-1.50 


36.93 


4.00 


■•■••• •• 


41.68 


28.10 


0.130 


0.27 
(Insl.) 


26.54 




25.76 


31.91 


11.34 


0.07 


0.64 


37.18 




26.87 


31.96 


12.00 


0.0H5 


No data 


a5.54 


• • • * • ■ 


26.70 


42.00 


10.00 


0.00 


•■ • • • t 


•27.00 


• • •! 


26.00 


41.76 


1.25 


0.25 


0.70 


29.00 


• ••• 


25.10 


42.99 


0.91 


0.22 


0.50 


29.10 


■ ••• 


24.80 


23.00 


27 50 


0.85 


0.50 


43.00 




26.50 



AlA^ 

Per 
Cent. 
b.a 
5.54 
6.40 
'4.50 

5.30 
6.» 



7.03 
7.« 
9.40 
6.M 



7.60 
8.00 

• • • ■ • f • 



• Converter-slai? is poured into reverberatories at these plants, thus raising coppcr-ai«r 
IS only 75 per cent, of copper In converter-.slag Ih recovered. 



Fuel 



Anaconda 

Cananea 

Great Falls 

Garfield 

Steptoe McGill 

Oil-fired 

Tooele 




Coal-flred 



7.70 
8.00 
2.00 


600 



V.C.M 



Per 

Cent 
36.28 

23.70 
:t9.40 
39.10 

38.00 



Fixed 


Ash. 


B.t.u. 


Carbon. 


(Dry.) 


Per 


Per 




Cent. 


Cent.. 




45 42 


12.17 


12.390- 
No data. 


46.00 


28.60 


No data.. 


46.40 


6.20 


No daU. 


51.50 


7.40 


13.000- 
18,220- 


45.00 


11.00 


•« •• ••• 



B.t<tt. 

(Wet) 



ll.7M>- 

IS.fiWH 

9.W2- 

12.000- 



11.500 



Gas— Great Falls. 



COj. 



Per Ceftt. 
10.50 



CO. 



Per Cent. 
15.80 



CHi 



Per Cent. 
2.20 



H. 



Per Cent. 
13.70 



N. 



Percent 
57.80 



structural steel plate formhijj: the bridge-wall, frequent charging, 
infrequent skinmiing of slag, the large body of molten matte r^ 
tained in the furnace to assist in melting and distributing the charge^ 
no leveling of charge by means of rabble ; thick roof (15 to 20 in. 
of silica brick) ; fettling only once a month in many plants, prac- 
tically continuous oi)eration ; recovery of waste heat in the form of 
steam ; and, where coal is used for fuel, the recovery of the un- 
burned coal from the ashes. 
During the development of the reverberatory furnace to its 
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present state of efficiency, a great many schemes were tried and 
abandoned; for example, the pre-heating of the air by passing it 
under the furnace bottom or around the walls of the flue or fire-box, 
and forced blast under the grate. 

A great variety of fuel has been and is being used in reverbera- 
tory practice ; for example, at Kyshtim, Perm Government, Russia, 
producer gas from wood is in use, with gratifying results. At this 
plant the hearth of the furnace is about 35 ft. between ports and 
15 ft. wide; the gas is made from pine wood and the moisture and 
tar scrubbed from the gas before going to the furnace. The follow- 
ing data, furnished by A. II. Allen, regarding the furnaces will be 
of interest : 

Surface of air checker, 869 sq. m. ; useful area, 688 sq. m. 

Sectional area of air checker, 49 sq. m. 

Surface of gas checker, 698 sq. m. ; useful area, 559 sq. m. 

Sectional area of gas checker, 46 sq. m. 

Average gas analysis, per cent: COo, 7.47; CO, 26.22; H, 8.3: 
CH^, 5.86 ; O2H,, 0.79. 

Analysis of products of combustion in stack, per cent : COo, 12.2 ; 
O, 6.3 ; N, 71.5. 

Pressure at reversing valve, 3 mm. water. Suction at stack, 25 mm. 

Temperature of gas entering regenerator, 68°C.; temperature 
entering stack, 385**C. 

Average temperature of furnace, 1600°C. Maximum temperature 
at ports, 2000*'C. Temperature entering checker, 1300°C. 

The charge was mainly flue-dust, but there was some green ore ; 
some silicious oxidized copper ore; some converter cleanings, etc., 
mixed with it. I cannot give the composition of the charge, but 
90% of it was flue-dust and green fine. From January to Septem- 
ber 1910 the furnace was in operation 166 days, with results as fol- 
lows: 

Amount smelted, tons 10,690 

Wood consumed in producers, cords 3,417 

Matte produced, tons 3,326 

Contents of matte, tona of copper 283 

Assay, % Cu 8.5 

Contents charge, copper, tons 330.8 

Average assay xharge, % Cu : 3.1 

The work is chiefly interesting for the extremely low fuel cost, 
which has been verified by an experienced engineer now on the 
ground. -Wood at Kyshtim cost $1.05 per cord delivered, so that 
the average fuel cost, over the 9-months period, was 33.6c. per 
short ton of charge. It results from the fact that the Russians in 
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charge of the furnaces have had experience with gas-producers in 
iron works and made a gas of high calorific power. 

Ktbhtim Flue-Dust and Ore Analyses 

Sample taken from one month's production of flue-dust: 

Per cent. Per cent. 

SiO, 8.8 Cu 3.3 

Fe 60.9 S 9.6 

Sample from 6000-ton pile of flue-dust: 

Per cent. Per cent. 

SiO, 8.9 Cu 3.3 

Ffe 48.9 S 10.0 

Cu. %. 

Sample one week's production 3.38 

Sample of large pile (weight not given) 3.2 

Sample of large pile, made in 1907 1.8 

Average sample of raw ore used with flue-dust: 

Per cent. Per cent. 

SiO, 2.1 S 47.0 

Fe 38.5 Cu 3.2 

CaO : 0.5 

At Cananea, Texas oil has been used ; and at Humboldt, fuel oil 
from California. At the plant of the Steptoe company, at Me- 
6ill, Nevada, fuel oil from Cvaliforuia was introduced during 1911, 
with gratifying results. A great many different varieties of burn- 
ers were tried, but a simple home-made burner, using air for 
atomizing the oil, has given the best results. A record performance 
at the Steptoe plant, McQill, Nevada, on December 17, 1911, is 
communicated by S. S. Sorensen, the superintendent, No. 1 furnace 
wnelting 660 tons of total charge on an oil consumption of % bbl. 
of oil per ton of charge. 

RECORD or Run of No. 1 Revebbebatoby Pubna(;k and Analyses of Chabge. 

Total charge per furnace day, tons 666 

Oil flred per furnace day, bbl 421 

Coal equivalent of oil flred, tons 124.00 

l*otal charge per bbl. of oil, tons 1.58 

^l bbl. per ton of total charge 0.63 

^Qiyalent gross coal as percentage of total charge 18.60 

Components of Charge as Percentage of Total Charge. 

^Iclne 60.1 

^«<Sond8 16.8 

^Xiverter hot slag 9.0 

^tiling 3.9 

^IJiaestone 9.6 

**lue^U8t 0.6 
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Slag (Assay and Analysis) 

Cu 0.40 

SiO, 44.00 

Fe 34.30 

CaO 8.60 

AlaO 7.40 

Oxygen ratio 2.72 

Grade of matte, % Cu 40.40 

Draft: ' Water, In. 

Bridge 0.35 

Throat 0.83 

Stack 1.25 

Temperature of verb, degrees P 1910 

Inf uslbility factor of calcine 1.5 

Burners, large Steptoe, high-pressure 7 

At the Washoe plant, at Anaconda, coal is used for fuel, and a 
record run for one furnace was the smelting of 402V^ tons of charge 
in 24 hours with a fuel ratio of 1 ton of fuel to 6.45 tons of charge. 
At Great Falls, Montana, the fuel is producer gas, but the producers 
are too far away from the furnaces to get the best results ; new fur- 
naces are to be built at this plant in which the producers will be 
placed in close proximity to the furnaces and a much greater effi- 
ciency will be obtained. 

The Canadian Copper Co. is experimenting with pulverized coal 
as fuel, but the furnaces have not been in operation long enough to 
give data of any great value. David H. Browne, the superintendent 
writes that he is greatly pleased with the performance of the fur- 
naces up to date. The objections to the use of pulverized coal in 
reverberatory practice have been the settling on the top of the 
charge of ash and unburned fuel and the clogging of the flues with 
ashes. The Canadian Copper Co. has a peculiar condition, in that 
the charge is basic, and that the addition of silica, in the form of 
coal-ash, is rather welcome than otherwise. To avoid the other 
objection the coal is pulverized extremely fine, and the surplus ash 
goes out with the gaseous products of combustion. 

At nearly all modern plants, waste-heat boilers are employed. 
Silica brick is used almost exclusively in the construction of the 
lining and roof of the modern reverberatory furnaces for copper 
smelting, and it is now possible to obtain silica brick, of excellent 
quality, all over the United States at reasonable cost. 
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OOPPEB SBIELTINO AT KYSHTIM 

By V. P. ASSAEIEFF 

(June 29, 1912.) 

•Production of copper in Kyshtim began in 1907, but smelting 
in appreciable quantities began only in 1908. . This was at the 
Si)imonoffsky plant. It was subsequently determined to construct 
a new copper-smelting plant on Karabasheffsky hill with large 
water-jackets and converters, and also to build a large electrolytic 
refinery at Lower Kyshtim. It was proposed to produce 400,000 
poods of copper per year. In September 1911 I saw at Karabash 
two new water-jacketed smelting furnaces, and a third similar 
furnace is now being built, smelting 25,000 to 30,000 poods of ore 
per 24 hours. The matte obtained is turned to blister copper in two 
40-ton converters. At Nizhni Kyshtim the largest Russian electrolyt- 
ic refinery has been built with a daily capacity of 1000 poods of 
copper, to be almost doubled, it is said, by the installation of new 
electric machinery. Just recently at Upper Kyshtim a Siemens' 
regenerative furnace, 145 ft. long, has been built for smelting fine 
ore and flue-dust. 

Between the smelters and the mines a railway has been laid down, 
and a locomotive (steam and electric), electric cranes, and pneu- 
matic lifts, are at work. The principal operations are as follows: 
Karabash plant — 

1. Pyrite smelting in large water-jacketed furnaces to matte with 

25 to 35% Cu. 

2. Converting the matte to blister copper in large converters. 
Ijower Kyshtim plant — 

3. Refining blister copper and casting in anodes. 

4. Electrolytic refining of copper and extraction of gold and 

silver. 
Further important operations carried on are : 

Upper Kyshtim plant — 

5. Smelting fine ore and dust in largo Siemens' regenerative 

furnaces. 

6. Smelting of poor matte in small water-jacketed furnaces. 

7. Converting concentrated matte to blister in small converters. 
The board is sparing no expense in the search for the required ore 

reserves. The requirements will reach 90,000 to 100,000 poods per 
day. On this 400,000 rubles have already been spent, and 300,000,- 
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000 poods of ore of 3% copper content have already been proved. 
This year 200,000 rubles more will probably be spent, and five 
diamond-drills, two for 500 and three for 1500-ft. holes, are now 
at work. Three more 1500-ft. outfits may be bought this year. Most 
of the ore is now produced at the Konyuchovsky mine, then at the 
Smirnoff and Tisoff mines. Fortunately there is abundance of flux- 
ing quartz and limestone at Kyshtim. The quartz assays 92 to 96% 
SiOj, and the limestone 53 to 54% CaO. The pyrite smelting is 
done with very little coke, at most 1 to l^^% of the mixture or 1.5 
to 1.7% of the weight of the ore, so the annual consumption of coke 
does not exceed 300,000 poods. It comes from south Russia, Eng- 
land, and Germany, the cost being about the same. Wood is used 
for the boilers and furnaces, but recently lignite from the Chelia- 
binsk region is coming more into use. 

Copper is now produced in the Karabash, Lower Kyshtim, and 
Upper Kyshtim plants. The first plant was begun in 1909, and it 
started full work in January 1911. The chief dimensions of the 
furnaces are 22 ft. long, 4i/^ ft. wide, and 19 ft. high. There are 
52 tuyeres to a furnace, of which 47 to 48 are always in use ; the 
blowers are of about 600 hp. each, and give 30,000 to 35,000 cu. ft. 
per minute, under a pressure of 6 to 8 in. mercury column. The 
blast is cold, and 40,000 to 50,000 cu. ft. is used to 1 ton of mixture, 
or 50,000 to 60,000 cu. ft. to 1 ton of ore. Gas and dust pass through 
two wide flues. About 5000 poods of dust is extracted per day with 
a content of 2.8 to 3.5% copper; thus about 50,000 poods of copper 
(value 500,000 rubles) is recovered per year. The third furnace 
(now building) will have the capacity of its dust-trap more than 
double that of the others. 

The efficiency of the water-jacketed furnaces is as follows: The 
mixture in July 1911 for both furnaces was ore 75%, quartz 15%, 
limestone 5%, coke 1.25%. The quantity of mixture smelted was 
2,040,276 poods, of which 1,512,397 poods was ore. The resulting 
matte was 135,448 poods, dust 159,530 poods, and slack 1,282,620 
poods. The average analysis of the matte was copper 26.53%, iron 
41.4%, and sulphur 25.1%. The total of sulphur in the mixture 
was 608.593 poods, of which 5.63% passed into the matte, 4.38% into 
the slag, and 1.76% into the dust. The result is considered to have 
been very satisfactory and to quite justify the expenditure involved 
in construction of the plant. 

To convert the matte into blister copper two Pierce-Smith 40-ton 
converters are installed at Karabash. From the quantity treated in 
July 1911, 101,669 poods matte and 24,284 poods of copper was pro- 
duced. The average copper content of the matte was 26.5%. The 
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»cial laboratory at Karabash employs five chemists, who made 
2SC)0 assays last August. 

The blister copper from the Karabash and Upper Kyshtim plants 
i» treated at the Lower Kyshtim electrolytic works. The blister 
cox>per is smelted into anodes in regenerative furnaces with wood 
s, and the output is 2400 poods of copper re-smelted per 24 hours, 
e cubic sagene of wood gives 425 poods of anodes averaging 99% 
Cxi. 

The electrolytic plant is a large one-story building with 396 baths 

of wood, lined inside with lead, 41.5 in. deep, 27 in. wide, and 68.5 

in. long, in twelve series of three rows of eleven baths each. Each 

b^th contains 9 anodes and 10 cathodes; the former are now being 

itxoreased to 12. The current in the bath is 0.3 volts. The Upper 

K>^shtim plant provides the current by gas engines. The electrolyte 

consists of a solution of sulphate of copper and free sulphuric acid 

— ^solution 1.2 sp. gr. — ^which is led into the bed of the baths and 

rises up to be siphoned into subsequent series. Thanks to the 

purity of the anodes, the electrolyte has not been changed since 

starting the plant. The Upper Kyshtim plant is now an auxiliary 

one. At Kyshtim there are millions of poods of fine ore besides the 

millions of poods of dust from the furnaces, the annual production 

of which, at Karabash, is calculated at 2,000,000 poods. To smelt 

these and the fine ore a large Siemens-Martin furnace has been built. 



WASTE HEAT BOILERS IN REVERBERATORY FURNACE 

FLUES 

By S. Severin Sorensen 
(October 11, 1913.) 

As there are probably few of those who are interested who are 

3i8o in a position to make comparisons of actual results between 

^^ leading types of boilers when used to recover heat from the 

*^^ gases of metallurgical smelting furnaces, the following notes 

^^y be useful. 

*^he types here compared are the Stirling and the Babcock & 

. ^^eox. The former are very widely used for this special purpose 

^opper smelters because of their large Hue-gas area and small ob- 

^^^^^ction to draft. They are specified as class 'S' No. 19 and are 

^^^ nominal boiler horsepower each. There are no baffles used in 

1 ^-^ing, the gases only taking one curved pass through the tubes 

^^Ore leaving. 
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The Babcock & Wilcox are a specially deaigued pattern for this 



Itartieular installation, described by the makers as - 



- — 10— D, 



each having 4054 aq. ft. of heating surface. No baffles are used in 
them either but their rows of tubes are staggered in respect to the 
flow of the gases, which is not the ease with the Stirlings, The lat- 
ter have straight open passages between rows of tubes. This is 
rendered necessary in order to provide means of getting their bent 
tubes in and out for repairs. 

The illustrations, Fig. 24a and 246, show the settings of the two 
types of boilers in elevation. Inserts A-A and B-B show the ar- 
rangement of their tubes by cross-sections on planes parallel to the 
flow of the bases. As far as constriction of the passage and cutting 
down of draft goes there is a little in favor of the Stirling type. 
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" Hfii it is remeirihered that they were originally introduced in eoal 

ftf^d plants where draft is possibly both more essential and more 

sensitive, one reason for the favor they have enjoyed is explained. 

V will be noted that the Babcock & Wileox tubes lie flatter than 

I th* average of the Stirling bent tubes. The latter are 3^ in. diame- 

t tiT and the former 4 inch. 

I In the early days of this plant I was in favor of the Stirlinga be- 
I cause they were so mnch more quickly accessible for cleaning, 
f faaving only four manholes to remove against 732 hand-holes, each- 
of which had a gasket to be removed and renewed. It thus took 
longer and cost more in direct charges for cleanings and repairs. 
In addition to the direct labor and material charges there was the 
extra time lost in the case of the Babcock & Wilcox boilers, which 
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took longer than the Stirlings to clean. This extra time mea 
loss when the cleaning was not done within the time requirec 
repairs by its smelting furnace. So it looked like a walk- 
victory for the Stirling type. For a long time this conclusion 
undisputed sway, for in the absence of data it was based on 
assumption of equal eflBciencies of the two types. It was only i 
separate m^ers for measuring the feed water to each batter 
boilers were obtained and comparisons of evaporative perf 
ances were made that it was seen that the Babcock & Wilcox 
giving a higher evaporative duty. At first I suspected the fig 
But having changed meters and checked results in various wayi 
truth was borne in on me that the money was being put on 
wrong horse. For the higher evaporatioa obtained from the 
cock & Wilcox boilers far more than compensates for the extra 
and extra time lost in cleaning and repairing. In proof of this 
elusion I append the figures on which it is based. They speal 
themselves. I may add that the meters are calibrated every m 
at various rates by gauging in a measured tank, allowance I 
made for temperature differences. From the meter readings i 
duction is made for blow-downs which are made and automatii 

recorded twice every 8-hour shift : 

Babcock ft 
Wilcox. Sti 

Period covered in comparison, year 1912 

Number of boiler repairs 11 

Average cost of repair and cleaning per repair, opening, 

cleaning, closing, testing 94.54 

Material repairing 22.81 

Labor repairing 30.19 

Material cleaning 24.63 

Total $172.17 | 

Average number of days in service 83.50 

Average number of days down, cleaning and repairing. . . 7.54 

91.04 

Time down as per cent total time 8.28 

Number of boiler repairs per 100 days 1.10 

Repair cost per 100 days $189.39 $1 

Water evaporated by battery of two boilers per day, lb. . 861,111 62 

Average boiler horse-power 620 

Water evaporated in 100 days, less days lost cleaning and 

repairing, lb 78,998,598 57.84 

Evaporation lost during cleaning and repairs, lb 7,112,802 4,30 

Equivalent oil recovered at 14 lb. HjO per 1 lb. oil, 

barrels 16,793 1 

Recovered, dollars 27,708 S 
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Lost, barrels 1,512 917 

Lost, dollars 2,494 1,512 

Ck>8t of repairing and cleaning per 100 days 189.39 100.69 

Total loss and cost per 100 days 2,683.38 1,612.69 

Net recovery in 100 days 25,024.61 20,172.31 

Balance in favor of battery Babcock ft Wilcox type, per 

annum 17,710.90 

Other figures point to the same conclusion. For, with the same 
assumptions and the same methods in testing, checking, and figuring, 
the pounds of water evaporated from and at 212°F. per pound of 
oil burned in the smelting furnaces was 3.315 for the Stirling boil- 
ers as against 7.91 for the Babcock & Wilcox type. To show that 
this was not due to deferred combustion favoring the boiler duty 
at the expense of the furnace smelting through faulty firing it is 
only necessary to state that for the same period the net oil per 
ton solid charge for the furnace with the Babcock & Wilcox boilers 
was only 77% that of the others with the Stirling. It is true the 
foriner burned 5% more oil gross per ton solid charge than the 
others. This may be due to inferiority of the furnace. But it is evi- 
dent from the above figures that it more than compensated for that 
extravagance by its greater net efficiency. 

Prom an examination of the two settings as shown in the sectional 
elevation in the illustrations it is evident that apart from the stag- 
gered as opposed to the straight line setting of the tubes the Stirl- 
^gs lose by reason of the larger percentage of comparatively inef- 
fective tube lengths. This might be improved both in front and at 
the back where structural conditions and levels permit. And on 
the other hand the Babcock & Wilcox records for cost of cleaning 
^^iil repairing could be improved were the hand-hole joints of the 
'^^etal to metal type instead of being made up with fabric gaskets. 



STIBLINO v. BABOOOK & WILCOX BOILEBS 

(Discussion, November 29, 1913.) 
'I'he Editor : 

Sir — The article on * Waste Heat Boilers in Reverberatory Furnace 
^lues,' which you published in the October 11 issue, is a very in- 
teresting example of partly calculated data. Mr. Sorensen has shown 
^^early that a battery of 520 hp. will save, or lose, more money than 
^^e of 375 hp. An analysis of his own figures will, however, disprove 
^^ttxe of his conclusions. 

The following 'per horse-power* figures are taken out with a 5-in. 
^'ide rule and so I do not claim great accuracy : 
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The Stirling boilers needed many repairs compared with the 
others; it seems to be their only weak point, and, judging from my 
memory of the work at Anaconda, Montana, it seems abnormal. 
Unfortunately, the first cost of the two batteries of boilers, as in- 
stalled, is not given, so no comparison can be made of the cost of 
the power obtained upon a correct basis. Mr. Sorensen, however, 
concludes with a balance of $17,710.90 in favor of the Babcock 
boiler. This divided by 520 gives a profit of $34.20 per horse-power 
year. My analysis indicates that the Stirling boiler is worth about 
$22 per horse-power year more than the Babcock. The difference 
is large and is worth attention. 

The Stirling is apparently a much smaller boiler than the other. 
Probably the flue gases in the down-take behind the Stirling are 
much hotter than behind the Babcock, showing that a larger boiler 
could be used. 

Hervey Qulick. 

Los Angeles, October 18. 



STntUNO y. BABOOOK & WILCOX BOILERS 

(Discussion, February 21, 1914.) 
The Editor : 

Sir — ^There are some calculations, the value of whose results 
would not be one whit affected whether a 5-in. or a 5-mile slide 
rule were used in working them out. If the assumptions and 
premises are wrong, accuracy in the figures counts for naught. This 
is the trouble with Mr. Gulick's letter in your November 29 issue 
on waste heat boilers in reverberatoi'y furnace flues. It seems to 
me **a very interesting example of partly'* digested reading, and 
of taking up the role of critic without making sure of one's facts. 

His 'per horse-power' figures mean nothing, or rather they are 

quite misleading. The description of the boilers showed that they 

were all of the same nominal horse-power, namely, 400, so the 

evaporation duty of the two types under the given conditions of 

service were approximately as 1.37 to 1 per unit of heating surface 

for the B. & W. and Stirling types respectively. Moreover, the 

proper unit for a basis of comparison is not the horse-power, but the 

furnace. My notes were to show, and I still think do correctly 

show, which of two types of boiler attached to similar smelting 

fnrnaces saved most money per furnace under similar conditions, 

over similar periods. 

S. Severin Sorensen. 

Rancagua, Chile, January 5. 



i 



166 RECKXT COPPBR 8MELTIW0 

OOPPXB SUELTINO PRAGTIOE IN THE 80UTHWES 

(October 4, 1913.) 
By TH0MA8 T. Rkad 

A concept which has proved useful to geologists is that i 
(«xi(itt'iu*e of petropraphic provinces, or areas in which charaet 
mill oftoii related types of rocks occur and in which charaet 
niintTHls and mineral associations can be discerned. It the 




Kio. 25. Map 



Uilliii'Kical jiroviiieps can also be distinguished, 
ntnlliirgical methods employed in the treatmt 
i.ltiii ilt'i'iilcd l)y the characteristic minerals pi 
o ^lutfM of Arizi>na and New Mexico, together 
iiii I'f -Mfxicii, may thus be considered as ro 
Ji i iiii'tallurgica] province, espceinlly if the in 
I'iis I't' ftipper. In this area, in 1!)12. apuroxin 
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on^— third of the total cupper output of the United ytates was jirii- 
tli»e*<i, chiefly from ores that esliibit raauy eharacteristies in eom- 
Hioii. It is natural, therefore, that the metallurgieal methods em- 
ployed ahould also exhibit eommou eharaeteristics. It is uot my 
purpose to attempt to present here auy profound reaeareh into the 
fixndamental relations between the climatic, topographic, geologie, 
aM«I eeoiiomie conditions here prevailing, and their effects, as ex- 
hiliitcd in jmst and current practice, but rather to indicate in a 
«*»Tn«iwh»t sketchy fashion only a few of their more salient features. 
It \vill be impossible because of the limits of space to enter into any 
discussion of the history of the area under discussion, and since this 
lias recently been admirably doue by James Douglas*, than whom 
"<> one could apeak with more authority, there is indeed no necessity 
'•• make the attempt. These remarks arc. therefore, based upon 
I>resent practice as it has crystallized in the li|?ht of years of ex- 
l>erience. 

Bounded by the Rocky Mountains on the east, and the Sierra 
Nevada on the west, the region under discussion may be regarded 
^s in part a southward extension of the Colorado plateau and in 
[>art the northern portion of the Mexican plateau. The Colorado 
■■'ver may indeed be considered to form its northern and western 
••onndary as it threads through its profound oaiions in its course 
'fom its headwaters in the Rocky Mountains to the Gulf of Califor- 
nia. Though bordered by such a mighty river, the entire region is 
'*'"'(1, and in some parts a true desert. It will be remembered that 
"*e prevailing westerly winds from the Pacific Ocean exhibit their 
•"aximura force, with its reaulting damp climate, from Juneau south 
•^ San Francisco. South of San Francisco the coast sweeps away 

(""Wward, while the trade winds swirl away to the south and finally 
^♦'st, As a result, the climate of that part of the United States 
'ying south of 40°N. latitude and between the Sierra Nevada and 
'n« eastern front of the Rocky Mountains is almost entirely arid. 
' 4*18 peculiarity not only affects the character of the ore deposits, as 
. *'tered by subaerial agencies, but by its effect in such important 
•^^^titiomic questions as food, water, and timber supply, and character 
"" population serves to determine in a marked degree many of the 
***!ient features of the mineral industry. In its flora and fauna, 
'deluding in the latter its human population, this region differs in 
^^ '^aiiy respects from every other part of the United States, with the 
^^m exception of the adjoining parts of California. 
^^P The copper deposits found in this region are. as might be expected. 



"The Copper Queen Mines and Works.' Trans 
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characterized by outcrops of oxide and carbonate minerals, Ari 
being famous for its specimens of malachite and azurite. At a 
ing, but usually considerable depths, the oxidized minerals 
way to secondary and even primary sudphides. The oreb< 
are of such multiformity and occur in such a variety of en 
ing rocks that no attempts at generalization would be us 
These orebodies are commonly regarded as marked exan 
of the concept that copper orebodies are typically marked by a 
face zone of oxidation, a succeeding zone of secondary enriehB 
and a bottom zone of primary ore. This conception, at firsl 
tremely valuable, is beginning to outlive its lisefulness and ren 
to hamper free thought. In a recent paper on the Bisbee dep< 
A. C. Notman employs the term 'underground gossan'; sure 
most confusing name for an obscure concept. As a matter of 
oxide minerals occur both above and below the sulphides. 1 
at the Chino mine, at Santa Rita, in New Mexico, the oxide oi 
places extends to 1100 ft. in depth, while sulphides occur clos 
the surface and overlying the oxides. 

Where the ores are rich enough to stand the cost, they are m 
by methods appropriate to the size and character of the deposit 
smelted directly. In the early work so small an amount of sulp 
was available that the oxides were smelted to yield black cop 
In practically every district enough sulphide ore is now avail 
to allow smelting with the formation of matte, and in many c 
a certain amount of sulphide has to be roasted, though in others 
charge balance, for blast-furnace smelting, is somewhat shor 
sulphur. The tendency of present practice is toward concentrj 
of the low-grade sulphides and leaching of the oxidized ore. 1 
than a half dozen large concentrating plants are already at m 
but, with one exception, the leaching work has as yet not progrc 
beyond the experimental stage. Most significant in its prol 
great importance is the experimental work with the flotation pr< 
which is being carried on at the Inspiration mine. If the 60( 
plant now in course of construction proves as successful as 
experiments made with a 50-ton plant, it is unquestionable 
profound changes in present practice in this district are to b< 
pected. 

There are now in operation in the district under review elevei 
portant smelting plants, and preliminary plans for the constru< 
of a twelfth are well advanced. The El Paso smelting plant oi 
American Smelting & Refining Co. is included in this list, sin 
draws its supply of copper ore chiefly from this area, though situ 
b^' ' ' margin. As typical examples of the range of practice 
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Old Dominion smelter at Globe and the A. H. & R. smelter at Hayden 
may be cited. The ore supply of the formtir is lump ore, which is 
ranelted in blast-furnaces. At the Hayden plant all the ore is sub- 
jented to preliminary wet concentration, the resulting concentrate 
bein^ roasted and smelted in oil-fired reverberatory furnaces. 
Present conditions all teud toward an ijierease of reverberatnry 
smelting. The amount of ore of hijrh enoiiRh grade to permit direct 
smelting in limited, while, on the other hand, at the ChJno 90.000.000 
tfins of concentrating ore has been developed, at the Ray 84.000,000 
tons, at Inspiration 45.000,000. and at Miami 21.000,000. It is 
evident., therefore, thM future tendencies will be toward an increase 
of reverheratory smelting. L. T). Ricketts has given the cost of 
reverberatory smelting at Cauanea during the period from February 
'o July 1911. as $2.22 per ton, from which must be rledncted $0,82 
fis a credit for the value of the steam generated by the heat recovered 
■n the waste-heat boilers, making the net smelting cost $1.40 per ton 
sKielted. Of the total amount thus smelted, one-third was flue-dust, 
*nd the apparent cost of blast-furnace ftmelting must be increased 
"J" an amonnt equivalent to the cost of smelting in the reverheratory 
"lat excess of flne-dust produced in blast-furnace smelting as com- 
pared with reverheratory smelting. The average milling cost at the 
'"hino last year was 58i/^c. per ton, ho that it is evident that the 
''^M of milling and reverheratory smelting is likely to continue to 
'nake inroads into that of direct smelting. With so much as an 
Jltroduction, I shall briefly describe each of the principal smelters 
"> this district, without going into detail except as to such features 
'"'' may be peculiar to that plant. 

Ai E! Paso the American Smelting & Refining C{i. has recently 

"dded copper smelting equipment to a plant which has for years 

"•Celled lead ores. Two blasf-furnaccs, 40 by 144 in., smelt lump eus- 

''"n copper ore, derived from various parts of Arizona and New 

e*ico. yielding a matte of about 45% copper which is blown to 



_ "''Mer in two Pierce-Smith converters; a newer 12-ft. Oreat Palls 

^■^Iverter not yet having been put into service at the time of my 

Ht?'**t- The main matte supply for the converter is derived from two 

• k>y 104-ft. reverheratory furnaces. These are oil-fired, but as this 

^•^thod of firing is general practice throughout the area it will not 

*f^in be referred to except to give details of practice. Most of the 

I* Used for firing is obtained from the Mexican fields, though Texas 

'' is also available, and has the advantage of not requiring as much 

' ""(iljeating, as it is lighter in specific gravity. The reverheratory 

^— ''*'*»acL'8 yield a 40% matte, the matte-fall amounting to about 30% 

^B* the charge, each furnace handling about 300 tons per day. The 
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capacity is somewhat in excess of this, but was limited at the time 
of my visit by the capacity of the roasting plant. This consists of 
three 4-hearth Wedge furnaces, 22V^ ft. outside diameter, and two 
more are in course of erection. These furnaces are designed to 
handle 100 tons each per day, but are being operated at a capacity 
of 130 to 150 tons each per day. It was originally expected that 
the average sulphur content of the Chino concentrate would not be 
so high as to require much sulphur elimination, and that roasting 
of only part of the total tonnage would be required. In actual ex- 
perience it was found that the sulphur content ranged between 12 
and 22%, according to the part of the ore deposit from which the 
mill feed is obtained ; the necessity of directing the steam-shovels so 
as to carry on development work in the most efficient manner, mak- 
ing it impracticable to control the mill feed. Running a Wedge 
furnace at so much in excess of its intended capacity makes it im- 
possible to completely dry the concentrate upon the top hearth. It 
therefore passes through the slot upon the third hearth in a some- 
what sticky state, and in order to cause it to pass freely it was 
necessary to remove the distributer plate. This causes the concen- 
trate to pile up on the third hearth, and from time to time coarse 
fragments roll between the central cylinder and the hearth ring, 
much to the disadvantage of the latter. Various small alterations 
have been made to minimize this and other minor troubles, but it is 
on the whole remarkable that a roasting furnace can be pushed so 
far beyond its designed capacity with comparatively little alteration 
beyond the use of an additi(mal burner on the second hearth. This 
plant is under the direction of Kuno Doerr, general manager; J. J. 
Ormsbee, superintendent; H. F. Easter, assistant superintendent; 
and A. F. McCormaek, assistant superintendent of the copper de- 
partment. 

The next smelting plant, proceeding to the west, is that of the 
Arizona Copper Co. at Clifton, Arizona. This is at the end of a 
rather long branch railway line, owned by the Company, which con- 
nects with the Union Pacific at Lordsbnrg, New Mexico. This is an 
old plant, shortly to be abandoned, which excites interest chiefly by 
the ingenuity which has been expended in compressing it into a 
narrow and inconvenient site at the junction of Chase creek and the 
San Francisco river, the boilers for steam supply being scattered 
about in niches between other ecpiipment. It is also unique as to its 
chimney, which consists of a shaft, or winze, to the top of the near- 
by mountain. The ex{)eriment is one not likely to be repeated, since 
svvh a cliinnu'v defies attempts to repair or (Milarge it. A new plant 
lias heeii (icsi^med by Kepath & McGregor, under the direction of 




fiicketts, eoiisiilting cDKiiifp"" to the Conipaiiy, and ia already 
|»«rtly GODstriicttid, llie site being fHrtln;r dinvn the San I'Vuueisi-ii 
river, where ample dump room is availHble. Tlie reverbtTatory fur- 
naces will be 22 by 100 ft., spaec being provided for tbree sueh 
aini for eight 2H4-ft. Ilerreshoff roasturs. This plant is aimilar 
in its design to the new plant of the Calumet & Arizona, which will 
'»«i deseribed more fully later. 

Aij especially interesting feature of the work «t the old plant is 
t*Je leaeliiug of osidized copper ore with sulphuric acid. The acid, 
'*f S'J^B. specific gravity, is made at the plant from pyrite obtained 
'roni one of the Company's mines. The jig tailing from milliiin 
operations, containing 2 to 21/3% copper, 0.4% S, 60^0 SiO^. and 
*G^ AljOj, ia charged into vata and leached for 12 hours, the solu- 
'•ons being so managed that the first strong solution contains very 
'*t.11(^ fn-L- acid, and, after decanting, its copper content is precipi- 
^*»te(] by passing it through a trommel tilled with jtcrapa of wrought 
'*'t>n and steel. The precipitated solntion then goes to waste, and 
^^■K wash water used in the vats is strengthened by the addition of 
*<2j(l to yield fresh teaching solution. This method can only be used 
'*«^ ore which is high as SiO,, otherwise the loss of acid through the 
^•iriiiation of Al^SO^ and FeSO, becomes prohibitive. The acid con- 
***ined in leaching is given as 2V2 lb. per pound copper recovered. 
Allowing for the cost of the iron used for precipitation and labor 
t'»*re can be no great profit on the operation except as an adjunct 
'^"> the wet concentration of ores of suitable composition. This ('om- 
r*»»iiy is under the direction of Norman Carmichael. 

Jiist across the river from the new Arizona Copper plant ia the 

'*^ill and smelter of the Shannon Copper Co. This consists of two 

'*lasl-fumacea 42 in. by 15 ft. and one 44 in. by 30 ft., the latter 

"aniiling about 700 tons of charge per day. These furnaces arc pro- 

*■■ >«led with cast steel crucibles, which have given trouble by eracking. 

"irite is brought from Qleason, Arizona, to yield the sulphur re- 

*J"ired for the formation of matte. About 500 tons per day of the 

"'"^-supply contains no sulphides and is smelted directly ; the re- 

'"^inder. 300 tons per day, is concentrated 10 into 1. The fine con- 

|^*^"trate is then dewatered and mixed with Hue-dust before charging 

**'« the blast-furnaces. Two small stands of acid-lined converters 

/"^ sufficient to handle all the matte produced. This i)lant is under 

*' management of J. O. Bennie, who deserves the greatest credit 

. "" the skill with which he has brought into shape a rather nnsatis- 

j^ *^tory plant and a mine which is on the border line of profit. Mr. 

K*1»iie has carried on an extensive aeries of leaching experiments; 
^ general method of attack being roasting in specially constructed 
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heaps, the progress of the operation being so controlled as to com- 
pletely convert the copper into the sulphate, and to avoid the forma- 
tion of ferric sulphate, as this consumes iron in the subsequent preci- 
pitation of the copper. No details of results obtained have been re- 
leased for publication, but the method seems to offer much of 
promise. The experimental work is exceedingly tedious, as the 
time required to build and burn the heaps is great. 

At Morenci, a few miles to the west of C'lifton, but at a considera- 
bly higher elevation, is the smelting plant of the Detroit Copper 
Mining Co. This presents a number of features of interest; for 
example, the smelting of concentrate in blast-furnaces. All the 
mine ore is milled and the only lump ore smelted is that prodaeed 
by lessees. Smelting is now done in a 42 in. by 22-ft. blast-fumatie, 
which is driven slowly, smelting 350 tons per day. The concentrate 
contains 15 to 17% copper and 15% SiO^; about 50 tons per day of 
limestone is used as flux. The slag contains 7.2% AljO, and 2% 
MgO, and the matte, of which 60 to 70 tons per day is prodaeed, con- 
tains 42% copper. It is thus seen that a high degree of desolphini- 
zatiou must be maintained. The tonnage to be handled is too andl 
^o justify building reverberatory furnaces. It is planned to build a 
33-ft. furnace which will smelt even more slowly, the idea being not 
to increase the desulphurization, but to cut down the dust losses. It 
would seem, on the face of the matter, that this end might be better 
obtained by first sintering the concentrate upon Dwight & Lloyd 
machines, but careful study of the local problems was made by the 
management, and it is safe to assume that the methods employed 
have only been adopted after due consideration. Converting is now 
done in acid-lined shells, but a Great Falls converter will perhaps 
be built, largely for the purpose of decreasing the amount of seconds 
to be rehandled. Another interesting feature of practice here is tin* 
iis(» of Crossley and Anierie«n Crossley gas engines for power supply. 
The gas is {generated from bituminous coal, obtained from Dawson. 
New Mexico, in a Loomis generator. This is at the mine and the 
gas is brought to the smelter in pipes which sometimes give trouble 
in cold weather, due to freezing. The smelter is provided with 
round steel bins, which were built some years ago, and must he 
among the first bins of this type ever built. A. T. Thomson is mana- 
ger of this plant, and E. W. Iloneyman is superintendent. 

The Old Dominion smelter, at Globe, is at the end of a 125-inil^ 
oranch of the Southern Pacific, the Arizona Eastern, which connects 
with the main line at Bowie. At this smelting plant there are six 
blast-furnaces, of which three or four are usually in use. All, except 
one, are 48 in. by 16V^ ft,, the exception being 19% ft. long. An 
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average daily tonnage of 32') per fiiniat-e h smelted. Thf smelling; 
column is about 12 t'l. hi(;li and 22 a/., blast pressure is used, with 
ii coke percentage iif 12.fi. These features are due to the shortage 
of sulphnr on the Hinolling ehnrpe, it being necessary to bring 
sulphide ore from Bisbee to make up the deficiency. The flue-dust 
made amounts to about SYjfc of the tonnage smelted; this is drawn 
friTii ilii-' i-liiiiiilHTs ^mh! sl]i|i|n'd to Douglas for smelting in the 
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reverheratory furuaces. The matte averages 44% On and is han- 
dled by an 8-ft. Great Falls converter. This type of converter is in 
eommon use iu the district, as its form, a vertical cylinder, offers 
obvious mechanical advantages over the horizontal eylintler of the 
Pieree-Smith converter. Since the basic lining is expected lo main- 
tain itself over a long period it should be of such a shape as to offer 
the maximum of strength with the minimum of exposed surface. 
Part of the tonnage smelted at this plant is lump ore, and part con- 
centrate; about 500 tons of ore per day being concentrated 4 into 1. 
The relative proportion of concentrate to lump ore in the furnace 
is 1 to 4. P. G. Beckett is manager and L. 0. Howard smelter 
superintendent. 

A short distance to the west the Miami is milling all its ore and 
shipping its concentrate over 200 miles, to Cananea. The Miami 
ore is also short of sulphur and the Old Dominion company, which 
has been involved in litigation for many years, apparently does not 
care to undertake the construction of a reverberatory plant for the 
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haDtUiiig of custom iirc. Ah within h iiutiipHrativL'ly uhort lime thp 
Tnspiratioii, wlittrh adjoins iIil' Miami, exiiecls tu lie pniiliu-uiK <^'oii- 
cetitratp from aii 8000-ton mill, the IiiteniHtioiiHl Snieltiti;^ & Ri-tiii- 
ing Co. will shortty imdcrtake the construction of h new amelter at 
Burch, halfway between Globe and Miami, to consist of nmstiag and 
reverberatory smelting equipment. 

Ahiint 20 miles directly south, but across a range of monntaina, is 
the Ilayden smelter of the A. S. & R. Co. This was ri^centlj- built 
to handle Ihe concentrate from the Ray ('onsolidated Copper Co., 
which it direotly adjoins. The wet conccntrHte brought in railway 
cars. Ir fdlowi'.l to dry mk niiieh as ii<>S!sihh\ tln-ti is sampled, dn.j.pe.l 
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into bins, and when wanted for smelting is drawn out upon belta, 
which discharge into the McDougall roasters. 0£ these, five are 
24-ft. and have 5 hearths, and three are 19-fl. and are 6-hearth 
furnaces. The concentrate contains 24% sulphur, and it is neces- 
sary to burn a little oil from time to time, on account of the high 
moisture. Each McDougall handles about ^0 tons, the top of one: 
5-hearth roaster being used for drying. The reverberatory furnaeeM 
are 19 by 112 ft., and smelt about 350 tons per day each, iucludinS 
seconds, with a consumption of 0.8 to 0.0 bbl. oil per ton smelted— 
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Pta«8tpsm recover<^tl in the waate-lieat boikTs (ytirliiiy) got-s to llie 
cr»*»in power-plant, and aiiffipes to meet all thp power requirements 
of the smelter, with a substantial exeess. The niatte-fall amounts 
tc» about 25 to 40% matte. This is blown to blister in either one of 
t^vo Pierce-Smith converters or in one 12-ft. Grent Palls typo con- 
verter. Slime concentrate is used for fettling the furnace. The 
blister is poured into an oil-fired receiving vessel in order to keep 
it hot while pouring thi? anodes. This smelter would naturally be the 
one for handling the Miami and Inspiration concentrate, but in 
oprler to get over the intervening short distance, several hundred 
miles of railway haul would be necessary, A short liiie connecting 
^Vinkelman with a point on the line from Bowie to (Jlobe would 
prm a short and convenient c^onnection, but as the line would have 
traverse the site reserved for a dam in a future government re- 
bmation project there is but little likelihood that it will ever be 
nilt, J. B, Haggle is superintendent of this plant. 
1 ,At Douglas, which is on the border line between the United Stales 
btl Mexico, there are two smelting plants. The new plant of the 
aliimet & Arizona, which was designed by Repalh & McGregor 
bder the direction of J, C. Greenway and L. D. Ricketts. embodies 
I the important features of the New Arizona Copper Co. smelter 
also that of the United Verde, at Jerome, therefore I shall 
Wcribe it at some length. The blast- furnaces, of which there are 
1^0, are 48 in, by 40 ft, and are designed for the maximum conven- 
^nce in charging and tapping. The ore from the beds is drawn out 
I series of belts, which in turn discharge upon a main belt 
pliich elevates the ore, fuel, and flux to the bins above the blaat- 
(m&c6s. Each furnace is provided with four charging cars, each 
) ft. long, which rest upon track scales beneath charging hoppers, 
Iwhich are filled by belts provided with distributers, running between 
the pairs of hoppers. When the charge-car is filled, it only requires 
to be moved a short distance forward in order to discharge directly 
^^ into the furnaces. The estimated capacity of these furnaces is 800 
^^L*Oiis each per day. The settlers are oval in shape, the matte being 
^Btlpped directly into pots set in the main crane aisk*. the slag being 
^■^"BWn off into large pots and hauled by an electric locomotive to the 
''sg dump. The revcrberatory furnaces, of which there are four, 
'^ith space for a fifth, are 19 by 100 ft., and present no special 
"■attires beyoud the convenience of their arrangement with respect 
'" the rest of the plant. The calcine is brought directly over the 
''''**»"gi' hoppers in ears from ihe roaster. The converter slag is 
^Jonr^(] |,y tile crane tlirectly in at the fi'cd end, and fettling and 
^'"K matfriiil. bruughl up by the same bi-lt which .■levali-s the 
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lump ore, is drawn about as desired in small cars. Of 
six stands of 12-ft. Great Falls type are provided. 

The converter flue is huiifj directly upon the frame of the building 
and a hopper for the silicious addition is placed immediately above, 
delivering the silieious material directly through a chute into the con- 
verter, without its being necessary to move the shell from its normal 
blowing position. These bins tire filled by a ennvcynr. thus relieving 
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Fio. 28. Automatic Copper I 



the crane of much work, so that one is able to serve the whole main 
aisle. Two castiug machines of the Anaconda type will be pro- 
vided, one at each end of the main aisle. In order to eliminate 
labor in breaking up skulls, a heavy steel plate with 8-in. holes i^ 
placed beneath a miniature pile-driver; as fast as the material '* 
sufficiently reduced in size it falls through the plate into a hopp*''" 
below. For roasting concentrate, twelve 21V^-ft. Herreshoff aJr- 
cooled roasters are provided. These have six hearths and the roof 
is also used for pn^liminary drying. These as well us the FurnaceH 
ar« provided with dust Hues Iwag in a steel frame, and with bottom.'i 
made from hollow tile. As this tile is manufactnred at El Paso, 
steel plates will be substituted for it at Jercime, on account of Ihe 
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relative freight cost. The Rasps are distributed thrnughoiit the 
settling ehamber by a row of flst bands, hung near the entrance; by 
sliding these the gases can be uniformly distributed over the whole 
cross-section. At the middle of the dust chamber a 20-ft. section is 
hung with No, 10 wires suspended from the roof. The plant has been 
designed to secure a maximum of capacity with a minimum of labor 
Hiid equipment, thereby attaining low operating costs. The success 
of such an arran^ment is largely dependent upon an accurate fore- 
knowledge of the conditions to be met, and the whole forms an 
lellent example of advanced modern practice. J. C. Greenway is 

ager. 

The other plant at Douglas is that of the Copper Queen company, 
built about ten years ago, and exhibiting characteristic differences 
from the plant just described. The most marked of these is iu the 
bi-ddiug system employed. Long stalls, 21 car lengths long and .'iO 
ft. wide, are provided with tracks upon the bottom for reclaiming. 
aud tracks at a higher elevation on each side. Converter slag is 
jilaced on the bottom, lump ore is distributed over the top, and a 
small amount of concentrate is intermixed. About two days after 
a bed is com])leted, reclaiming of it is begun, using small steam- 
shovels for the purpose. The total storage capacity is 100,000 tons. 
The cost of reclaiming is given as 3e. per ton, 9 days being required 
to exhaust a bed. This ore is smelted in ten blust.furnaces, five of 
which are 20 ft. long and the others 18. The larger furnaces smelt 
about 360 tons per day each, using 30 oz. blast pressure, and making 
40% matte. The smelting charge is rather high in alumina, yield- 

a somewhat viscous slag. 

iThe flue-dust and roasted concentrate from the. Nacozari mines 

Bmnlted in two reverberatory furnaces, 19 by 95 ft., which handle 

«bout 300 Ions per day each, using 0.86 bbl. of California crude oil 

per ton smelted. This plant is unusual in that Erie boilers, instead 

f the usual Stirling, are nsed to recover the waste heat of the 

rberatories. As the result of extended experience the mechanical 

i^neer of the plant reports that these boilers are of almost equal 

;ncy, lower first cost, and are easier to clean. The usual diffi- 

pxperienced with the Krie boiler is that it primes badly when 

forced, and a waste-heat boiler usually works under a heavy 

erload. The draft pressure on one reverberatory is 0.5 in. and on 

le other 0.3 in., the difference being due to a fuel economizer placed 

;er the waste-heat boiler in the seeoTul. Better results are obtained 

ilh a higher draft pressure, but may be due in part at least to the 

ict that this furnace has been in operation for a longer period. It 

iwas necessary to raise the roof of these furnaces in order to give 
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more combustion space, and it may be expected therefore that the 
22-ft. reverberatory at the New Arizona Copper Co. plant will give 
somewhat better results than a narrower furnace. The necessity for 
ample spac? to ensure the proper combustion of a liquid fuel has 
l)eeii discussed at some length in recent issues of the Mining and 
Srinififir Press and need not be further referred to here. This plant 
is under the general direction of Walter Douglas. S. W. French is 
manager, and Frank Rutherford superintendent. 

The smelting plant at Cananea, a short distance south of the 
]\rexican border, may be regarded as the type of the district, since 
it is here, under the direction of L. D. Ricketts, that the methods and 
equif)ment have been developed which are embodied in the newer 
l)lants now under construction or recently completed. The lump ore 
is smelted in eight blast-furnaces, 48 by 210 in., with a height of 
charge above the tuyeres of 7 ft. and using 26 oz. blast pressure. 
Each furnace smelts about 300 tons per day, using 9% of coke, and 
yield flue-dust amounting to about 10% of the charge. The material 
charged to these furnaces consists of lump ore, some custom ore, 
converter slag, and about two-thirds of the total amount of concen- 
trate made in the Cananea mills, 600 tons per day in all. The 
charge is delivered into bins placed above the charge floor, and is 
run directly into the furnaces through chutes. The system of 
b(»dding for mixing the charge has been described in detail by M. J. 
Elsing, and will not be further referred to here. 

The ('ananea concentrate carries 30 to 35% sudphur and is roasted 
in 6-hearth 18-ft. ^FcDougall furnaces, 10 being provided and 6 in 
use. The sulphur content is reduced to 6 to 7%, each roaster hand- 
ling about 40 tons j)er day. The calcine and about 75 tons per day 
of raw ^lianii coneeiitrate are smelted in two 19 by 100-ft. rever- 
IxM-atory furnaces which handle 260 to 275 tons per day each. The 
fuel used is (-alifornia crude oil, less than 0.8 bbl. per ton smelted 
being required, having bec^n reduced to that figure from 0.9 bbl. The 
oil is heated by a steam coil in a tank and is injected by air at 13 lb. 
pressure, the former burners which used both air and steam for 
injection having been diseard(»d. Air for combustion is admitted 
throuLrh i\ checkerwork of brick above the burners, this arrangement 
lM'()<lMein»i: n Tnor(» even distribution of heat throughout the furnace. 
The iMiaini eoneentrate, still wet. is dropfuMl against the walls to 
serve as fettling, and is better for this purf)ose than silici(Uis ore. 
whi<'h is likely to produ(*e * floaters/ IMiis eon<*entrat(» only carries 
about lM'v S in its vi\\\ state. 

The I'enijiinder of the Minnii eoneenti'ate, whi(*li junounts to 125 
tons per day in all, is blown into the converters by use of an ingenious 



RECENT COPPER SMELTING 181 

in reverberatory furnaces, rather than to attempt to handle mueh 
concentrate in the blast-furnaces, with the inevitable rehandling of 
a considerable part of it as flue dust. For roasting, both the water- 
cooled Wedge furnace and the air-cooled Herreshoflf are coming into 
use, as more satisfactory from a mechanical standpoint than the 
ordinary McDougall. The Great Falls type of converter has come in- 
to common use, the longer life of the basic lining leading to lower 
costs, especially through the greatly decreased handling of seconds. 
Thus at Cananea it is hoped that much of the converter slag can be 
poured directly into the settlers of the blast-furnace, instead of re- 
quiring smelting. Sweeping changes in present practice are likely 
to result from the experimental work now being done on the use 
of flotation for the recovery of concentrate and of leaching processes 
for the recovery of copper. But through the similarity of general 
conditions which govern smelting operations in the territory which 
has been described, it is likely that smelting practice in the area will 
continue to exhibit certain characteristic common filatures. 



THE SMELTING PLANT OF THE CANANEA CONSOLIDATED 

COPPEB COIKPANY 

By Abthub C. Coi^ 

The following is a general de8crix)tion of the equipment and 
essential points of practice of the Cananea Consolidated Copper Co. 's 
smelter at the beginning of 1914. The i3lant is at Cananea, in the 
state of Sonora, Mexico. It is illustrated by the general flow-sheet, 
Fig. 30. 

Reoeiviiig Bins. — ^All ore, concentrate, Hux, and secondaries for 
blast-furnace treatment are weighed on track scales and then 
dropped into the main receiving bins from self-dumping, steel, nar- 
irow-gauge railroad cars which contain 20 to 30 tons each, accord- 
ing to material. The bin system consists of 11 wooden bins and 8 
steel bins, having a gross capacity of approximately 3000 tons. From 
the receiving bins the ore is discharged through a movable hopper, 
dropped upon a 30-in. conveyor belt and delivered to a 24 by 36-in. 
Farrel crusher, which crushes the material to about 4 in. maximum 
size. Then one-tenth of the entire stream is cut by a Vezin cutter, 
and passes through a 10 by 20-in. Cananea type crusher; then one- 
tenth of this is cut and passes through a Gates gyratory crusher; 
then one-fifth, which passes through a set of 17 by 27-in. rolls. The 
final sample is then cut, amounting to about 1/4000 part of the 
original material. The final sample is quartered down, dried, and 
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prepared in the bucking room for the laboratory. All niateri 
except concentrate, which is hand-sampled, is sampled in this ma 
ner. After the sample is cut, the reject is elevated back to the mai^ 
belts, and joins the main stream of ore on its way to the spreading 
beds. 

Here the ore is distributed over the entire length of the bed bj'^ 
means of an automatic traveling tripper on the delivering l)elt. 
The bed thus formed covers an area 450 ft. long by about 50 ft. wide 
and, when completed, reaches a height of about 18 ft. in the centre 
line. The bedding system is of steel construction and contains three 
ore-beds of 8500 to 9000 tons capacity each. Each class of material 
is distril)uted up and down the length of 450 ft. in continuous 
layers, one on top of the other, and is run out in lots of 100 to 200 
tons at the rate of al)out 300 tons per hour. The weight and as.say 
of each lot of material bedded is reported to the office, where the 
bed records are kept; the actual contents are calculated, so that upon 
the completion of a bed, there is available a self-fluxing mixture of 
known composition, ready for the blast-furnace. 

Reclaiming. — The completed bed is reclaimed by means of a special 
machine, which advances into the face of the pile. A perfect crass 
section is removed by means of a harrow, which rests on the face of 
the pile at an angle of about 60°. This harrow has a reciprocating 
motion of about 18 in., thereby raking down the face of the pile into 
a scraper conveyor which removes the ore to a belt conveyor, and 
from there it passes on to the blast-furnace bins. The reclaiming 
machine has a capacity of about 175 tons f)er hour. There are two 
of th(»se machines, one working at a time. 

Blast-Furnaces. — The blast-furnace building is of steel construct- 
ion, Xi by 1312 ft., and contains eight furnaces. Charges are dropped 
by gravity, from the T^-ton steel bins above, into measuring hop- 
p(M's of 2()()() to 2200 lb. each. There are five hoppers to each furnace, 
and th(»y are discharged direct by means of an arch gate. The 
coke bins aix» placinl at the west end of the blast-furnace building, 
and have a capacity of about 8000 tons. Coke charges are wheeled 
in barrows to the furnace and shoveled in. The blast-furnaces are 
48 by 210 in. at the tuyeres, at the top they measure 5 ft. 2 in. by 
7 ft. at the inner edge of the jacket, and 7 by 17 ft. from the side 
of the hopper at the feed floor. They are 11 ft. 11 in. high from the 
top of the base plate of the inner vd^e of the jacket and 13 ft. 6 in. 
to the top of the hopper. Each furnace has six jackets on each side 
2 ft. 11 in. by 12 ft. 6% i'^. a"d two right-hand and two left-hand 
jackets on the ends 9 ft. 7V4 in. high and 2 ft. 6 in. wide at the bottom 
by 3 ft. 1 in. wide at the top. The jackets are made of %-in. steel 
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plate on the inside and %-in. on the outside, and have a 5-in. water 
space. There are three tuyeres of 5 in. diameter to each jacket. 
There are four settlers 10 ft. 5 in. by 19 ft., inside of the chrome 
brick lining, each serving two furnaces. The slag overflows con- 
tinuously into self-dumping slag cars of 45 cu. ft. capacity. Trains, 
consisting of 6 to 8 cars, are hauled to the dump by an electric loco- 
motive. The matte is tapped from the settlers into 66 cu. ft. cast 
steel ladles, which are conveyed to the converters by electric cranes. 
The gases from the furnace are discharged into a steel balloon flue 
10 ft. in diameter and from there pass through two cross flues 12 ft. 
6 in. diameter, and two goose necks 8 ft. 6 in. diameter, and then 
into the main dust chamber, which is 60 by 181 ft. by 32 ft. 6 in. 
Prom the main chamber, it then passes through a brick flue 20 by 
242 ft. by 19 ft. 6 in., then through another chamber 84 by 34 ft. 8 in. 
by 23 ft. 6 in., to the brick-lined steel stack, which is 168 ft. high 
from the foundation. The foundation is 25 ft. high. 

Following is a record of blast-furnace data for the last six months 
of the year 1912, and the months of October and November, 1913. 

There have been a number of changes in metallurgical conditions 
and practice since 1912, and the months of October and November 
of this year are given for the reason that they are representative 
of conditions at present and as they will be for some time to come : 

Last 6 
months 

Composition of charge: 1912. October. November. 

% % % 

Ores and concentrates 74.66 85.51 85.57 

Converter slag 12.95 5.40 6.19 

Chips and cleanings 11.70 6.83 5.25 

^ux 0.69 2.26 2.99 

100.00 100.00 100.00 

Analysis of charge: % % % 

810, 23.1 24.7 23.6 

AW, 4.7 5.2 4.7 

^« 25.2 23.1 23.2 

CaO 7.5 9.3 9.7 

S 16.6 14.6 14.2 

Co 7.42 6.24 5.47 

Au, oz. per ton 0.019 0.017 0.019 

A«. 02. per ton 2.95 3.18 3.53 

Analysis of slag: 

SJ^ 37.6 38.2 37.3 

^W, 6.9 7.9 7.6 

^^ 34.7 32.6 33.4 

^0 13.0 14.7 15.Q 
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Lasts 

months 

Composition of charge: 1912. October. Novem 

% % % 

MgO 1.20 1.65 1. 

MnO 1.23 0.80 1. 

Zno 3.05 2.30 2.1 

Cu 0.34 0.41 0. 

Analysis of matte: 

SiO, 0.6 0.6 0.1 

Fe 34.2 38.0 38.(^ 

S 24.4 24.5 24.(^ 

Cu 35.66 35.5 33.^ 

Au 0.110 0.105 O.L : 

Ag 14.66 19.53 21.5 

Analysis of flue dust: 

SiOj 21.2 25.6 26.S 

AUO, 5.1 7.9 6.r 

Fe 30.5 27.1 26.1 

CaO 3.1 4.1 4.3 

S -. 13.3 11.2 10.5 

Cu 7.01 5.51 4.(>^ 

Au 0.019 0.020 0.( 

Ag 2.91 3.38 3.S.« 

Per cent wet coke to wet gross charge 8.87 9.5 11.^ ^ 

Per cent dry coke to dry gross charge 9.24 10.88 11.^2 

Per cent dry coke to dry gross and concentrate 12.37 12.72 IZ.9^ 

Furnace days 1174.849 123.833 119.322 

Tons dry gross charge per furnace day 312.980 349.725 386.&37 

Tons dry gross charge per sq. ft. hearth area 

per furnace day 4.471 4.996 5.^22 

Per cent flue dust to dry gross charge 8.91 8.23 7.XO 

Blast data: 

Cubic ft. per furnace minute 16,708 19,900 20,235 

Cubic ft. per ton dry gross charge 76.885 81,940 75,2^2 

Cubic feet per sq. ft. H. A. per minute 239 283 2^^ 

Ounces blast pressure 27 28 ^8 

S ratio in charge 2.240 2.567 2.B99 

S ratio in ore and concentrate 4.441 3.722 3.531 

Per cent S volatilized 61.95 67.38 66.6^ 

Per cent matte fall 24.98 19.53 19.36 

Roasting Plant. — The roaster building is of steel construction an« 
contains ten 18-ft. six-hearth McDougall calciners. The dust cha''^' 
ber is of brick, 115 by 25 by 15 ft. The bedding system coT^' 
sists of four bins of 500 tons capacity and two beds of 3000 tons ea(?'*- 

The mixed roaster <fliarge is reclaimed and delivered by conveyo'* 

belts into 60-ton bins over the roaster. The roaster product is haule" 
bv electric motor in 5-ton cars to the reverberatories. 
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Last 6 
months 
Analysis of charge: 1912. October. November. 

% % % 

SIO, 19.6 10.9 13.0 

Al^, 4.5 2.8 3.0 

Fe 26.5 34.7 34.1 

CaO 1.3 0.9 0.8 

S 29.0 38.9 38.0 

Cu 9.09 7.76 7.29 

Au 0.019 0.009 0.010 

Ag 2.80 1.10 1.23 

SIO, 22.8 12.7 15.9 

Al^, 5.3 3.2 3.7 

Pe 30.7 40.9 42.4 

CaO 1.5 1.1 1.0 

S 10.3 12.6 10.1 

Cu 10.53 9.13 9.02 

Aii. oz, per ton 0.022 0.010 0.012 

As. oz. per ton 3.24 1.28 1.52 

I>ry tons charge per furnace day 38.454 34.204 34.755 

Tons calcine and dust per furnace day 32.456 28.918 27.904 

P^r cent calcine and dust to dry charge 84.401 84.545 80.29 

P^r cent flue dust to dry charge 5.52 5.49 5.51 

cent S volatilized 69.26 72.64 78.60 

Is of oil per furnace day 1.007 1.117 0.495 

^^xrels of oil per ton charge 0.026 0.019 0.014 

Xe¥erberatory Plant. — The reverberatory plant consists of two 

^^ ft. 6 in. by 100 ft. oil-fired furnaces. The waste gases fire three 

^OO-hp. and five 250-hp. boilers, placed in parallel, and then pass 

^l^Tough a fuel economizer system of 1152 tubes in four units, then 

^^^ Tough a bricji flue 130 ft. long to stack 12 ft. 6 in. diameter, 152 

^t:^ high. The slag is skimmed into 112-cu. ft. electrically tilted slag 

^^rs and hauled to the dump by electric motor. The matte is tapped 

^^^to 66-cu. ft. ladles, and hauled to the converter building in ladle 

^^rs, from which it is transferred to the converter by electric cranes. 

Last 6 
months 
Composition of charge: 1912. October. November. 

% % % 

Calcine 35.21 39.96 40.72 

^lue duBt 38.01 27.85 27.56 

Miscellaneous 24.08 31.86 31.58 

^lux 2.70 0.33 0:14 

100.00 100.00 100.00 
Analysis of charge: 

SiO, 21.9 17.6 19.4 

AlA 5.5 4.9 4.9 
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Laste 

months 
Comi)08ition of charge: 1912. October. Nov^ 

% % ^ 

Fe 25.7 28.6 28.2 

CaO 3.4 1.9 \,% 

S 13.2 15.3 13.4 

Cu 13.61 16.83 17.22 

Au, oz. per ton 0.018 0.014 0.01 

Ag. oz. per ton 2.67 2.44 2.60 

Analysis of slag: 

SiO, 39.1 35.3 37.9 

A1,0, 9.8 10.0 9.6 

FeO 36.8 43.9 41.4 

CaO 6.0 3.8 3.6 

MgO 0.77 1.22 1.58 

MnO 0.44 0.80 1.04 

ZnO 2.26 2.30 2.10 

Cu 0.44 0.45 0.48 

Analysis of matte: 

SiO, 0.6 0.5 0.6 

Fe 29.7 30.0 29.4 

S 26.7 24.0 23.0 

Cu 40.35 42.19 41.80 

Au, oz. per ton 0.055 0.036 0.046 

Ag, oz. per ton 7.92 5.88 6.27 

Per cent S volatilized 33.20 35.37 34.83 

Ratio S to Cu in charge 0.968 0.909 0.7S0 

Dry tons per furnace day 228.120 210.093 197.843 

Fuel results: 

Barrels of oil per ton of charge 1.095 1.004 1.021 

Steam, credit account boilers 0.478 0.468 0.429 

Steam, credit account economizers 0.075 0.092 0.110 

Total credit 0.553 0.560 0.539 

Net account smelting 0.542 0.444 0.482 

Converter Plant. — The converter building is of steel construc- 
tion, ^^ by 518 ft., and 56 ft. high to bottom chord of the truss. It is 
ecjuipped with three electric cranes of 40. 50, and 60 tons capacity, 
respectively, six electrically operated stands, and seven basic lined, 
12 ft. diameter. Great Falls ty{)e converter shells, with lVi>-i». tuyer- 
es. The converter slag is skimmed into 66-cu. ft. cast steel ladles. 
About two-thirds of the slag is poured direct into the balst-furnace 
settlers and the remaining one-third is hauled by electric motor and 
slag pots to pits and reclaimed by a 10-ton steam shovel. It is then 
hauled in narrow gauge cars to the bins at the spreading beds. 

Copper Casting Machine. — There are two straight-line electrically 
o|M» rated casting machines equipped with two tilting ladles of 66 
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eii. ft. capacity. Each machine has a chain of 39 molds, 
easting bars of about 300 lb., dumping into a bosh from which they 
art? removed by drag conveyor to the bullion platform. The blister 
bars are then stacked by an air-operated radial crane, picked up on 
trucks, weighed, and loaded into railroads cars. 

Plues and Dust Chamber. — The converter balloon flues are of 
steel construction 10 ft.' diameter and 201 ft. long, which dis- 
charge into a steel dust-chamber 104 by 26 by 20 ft. with a circular 
iireh roof of 13- ft. radius. The gases then pass to a steel stack 12 ft. 
iliameter by 125 ft. high. 

I^ower Plant. — ^Following is a complete list of the units of the 
po^w^er plant. Power is generated for the reduction division, the 
concentrator, and a large part ot the mining division, as well as 
^or two small outside mining companies and the lighting of the 
to'^^ji of Cananea. The power report for the month of November 
^^ appended and shows the distribution of power to the depart- 
^^^nts of the smelter: 

ELECTRIC GENERATORS 

General Electric 1500-kw. Curtis steam-turbine with 1500-kva. gen- 
^«-ator. 

General Electric 1500-kw. Curtis steam-turbine with 1875-kva. 
^^ii era tor. 

General Electric 1500-kw. Curtis steam-turbine with 1875-kva. 
^^Herator. 

Alelntosh-Seymore engine 16-32 by 30 with 300-kva. General Elec- 
^^ie generator. 

^Vlclntosh-Seymore engine 16-32 by 30 with 300-kva. General Elee- 
^^ie generator. 

Nordberg engine 18-36 by 36 with 400-kw. DC General Electric 
^^nerator. 

Union Iron Works engine 13^/4-23 by 12 with 100-kw. generator 
^lieserve Exciter). 

CONVERTER AIR 

Allis blowing engine 20-36 by 42 steam 44-44 by 42 air, 148 fpr. 
Rand blowing engine 22-40 by 48 steam, 46-46 by 48 air, 184 fpr. 
Allis blowing engine 20-36 by 42 steam 44-44 by 42 air, 148 fpr. 
Nordberg blowing engine 20-42 by 42 steam 44-44 by 42 air, 148 fpr. 
Nordberg blowing engine 20-42 by 42 steam 44-44 by 42 air, 148 fpr. 

BLAST-FURNACE AIR 

Nordberg piston blower 13-24 by 42 steam 57-57 by 42 air, 70 
r.p.m., 248 fpr. 
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Connersville blower No. 10, 300 fpr., direct connected to Murray 
engine 16-28 by 36. 

Connersville blower No. 8, 100 fpr., direct connected to Murray 
engine 10-18 by 24. 

Connersville blower No. 10, 300 fpr., direct-connected to Allis- 
Greene engine 16-30 by 36. 

Connersville blower No. 10, 300 fpr., direct-connected to Murray 
engine 14-28 by 36. 

Connersville blower No. 10, 300 fpr., direct-connected to Allis en- 
gine 14-28 by 36. 

Two No. 8 Connersville blowers. 

HIGH PRESSURE AIR (MINES AND INDUSTRIAL PURPOSES) 

Ingersoll-Rand compressor, 14-24 by 6 steam 13-23 by 16 air, 
1000 fpr. • ^ ^ 

Ingersoll-Rand compressor Type **C*', 23-50 by 48 steam 44^4- 
261/4 by 48 air, 6000 fpr. 

AUXILIARIES 

Southwark Foundry & Machine Co., air pump 16^/^-30 by 24 belted 
to Bibins rotary pump. 

Union Iron Works engine 13^-23 by 12, direct-connected to Root 
rotary pump. 

Southwark Foundry & IMachine Co., air pump 141/2-34 by 30. 

Electric circulating and food pumps. 

]\Iain power house, two 13 by 10 Aldrich triplex pumps, direct- 
connoctod to r)0-hp. induction motor. 

Reverberatory boiler house — Aldrich triplex pump 9 by 10, direct- 
conneotod to 60-hp. DC motor. 

Aldrich triplex pump 9 by 10 direct-connected to 65 hp. DC motor, 
reverboratory boiler house. 

Rovorboratory boiler house, Aldrich triplex pump, 5Vi» by 9, di- 
rcct-(*onnected to 40-hp. DC motor. 

SMELTER ELECTRIC POWER 

DC generator, direct-connected to 360-hp. iiuluction motor. 
3()0-kw rotarv converter. 

BOILERS (REVERBERATORY BOILER HOUSE) 

Three. 30()-hp. Stirling boilers. 
Two, 250-hp. Stirling boilers. 
Three, 3r)0-hp. A and T boilers. 

BOILERS (MAIN POWER-HOUSE) 

Five each, 2-150-hp. Elephant type boilers. 
Six eaeh, l-2r)0 Stirling boilers. 
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Two each, 1-250 hp. A and T boilers. 
Two each, 1-385-hp. Stirling boilers. 

Distribution of Power to Reduction Division, November 1913 

Average indicated horse-power 5,647.50 

Account power-house boilers 4,168.47 

Account reverb, boilers and economizers 1,479.03 



Tot^l indicated horse-power-hours . 

Ba.i-rels oil, account reduction division 
Barrels oil, account other departments 



4,066,030.00 

7,457.77 

12,321.41 



Units per Indicated Horse-Power 



Totial oil account steam: Total water account steam: 

Ba-rrels oil per i.hp 3.502 Gallons per minute 180.760 

G«i.llons per i.hp.hr 0.204 Pounds per i.hp.hr 19.210 

W^ter evaporated per pound of oil: Net lb. 

Power-house boilers 12.65 

Reverberatory boilers 11.97 

Division of Power Consumed 



SEr&elting: 

Blast 730.8 

Water supply 66.6 

Slag expense 

Matte pit 



Total 797.4 

Converting: 

Blast 899.5 

Cranes .• 

Clay mill 

Operating 

Casting machine 









Total 


Steam. 


Air. 


Electric. 


i.hp. 


730.8 


• • • • 


.... 


730.8 


66.6 


• • • • 


4.0 


70.6 


• • • • 


• • ■ • 


34.0 


34.0 


• • • • 


• • • • 


6.0 


6.0 



44.0 



841.4 



Total 

He verberatories : 

Atomizing oil, converters, air. . 

Elevator 

Cleaning boiler tubes 

Slag expense 



899.5 



40.5 



• • • • 



• • • • 



• • • • 


899.5 


30.0 


30.0 


10.0 


10.0 


14.0 


14.0 


6.0 


6.0 



60.0 



959.5 



• • • • 



7.0 



6.0 


46.5 


5.0 


5.0 


• • • • 


7.0 


12.0 


12.0 



Total 40.5 

Sa.ixipiing: 

Sample mill 

Miami samples 



7.0 

3.0 
1.0 



23.0 



56.0 



70.5 

59.0 
1.0 



Total 



4.0 



56.0 



60.0 
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Roasters: 

Receiving and spreading .... 

Reclaiming 

Water supply 

Operating 

Calcine haulage 



• • • 



Total 

Spreading beds: 

Receiving 

Crushing and conveying 

Reclaiming 



• • 



• • • • 



• • • • 



• • • 



• • 



• • 



• • • 



Total 

Total reduction division 1,737.4 

Total to other departments 0.7 

Grand total 1,738.1 738.4 3,171.0 5,6«: *^-5 



3.0 


16.0 


:i-S.o 


• . ■ • 


18.0 


l^S.O 


. . . • 


15.0 


is.o 


• • • • 


12.0 


X2.0 


• ■ . • 


5.0 


5.0 


3.0 


66.0 


69.0 


5.0 


• • • • 


6.0 


• • • • 


66.0 


66.0 


• • • • 


58.0 


58.0 


5.0 


124.0 


12S.0 


19.0 


373.0 


2.12 S.4 


719.4 


2,798.0 


3.51 «.l 



STEPTOE VALLET SBIELTINO PRACTICE 

(Discussion, October 7, 1911.) 
The Editor: 

Sir — At the Steptoe Valley smelter the average throat draiigl^ 
of the reverberatory furnaces with coal firing was 1.4 in. water anC^ 
at the stack 1.8 in. With oil the throat draught averages only O.J^ 
in. and stack about 1.6 in. The best boiler to employ for the 
recovery of heat from the furnace gases is the vertical tubular type. 
This allows some self-cleaning of tubes frpm flue-dust by gravity. 
In the management of converters it is found that basic linings can- 
not stand excessively high temperatures so well as acid linings, 
neither can they stand the same range of temperatures without 
serious deterioration. This is a very important point in the suc- 
cessful use of basic lining. 

C. B. Lakexan. 

Ely, Nevada, September 30. 
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PROGRESS AT THE STEPTOE VALLET SMELTER 

By S. S. Sore N SEN 
(January 4, 1913.) 

Ohanges in the plant and equipment of the Steptoe valley smelter, 
IXc-Gill, Nevada, made during 1912 may be summarized as follows: 
A.^ the smelter pressure-blast air cooling has been extended to all 
ttn €3 roasting furnaces by the installation of belt-driven fan of 25,000 
cmi. ft. capacity at a pr^^ssure of Sy^ in. of water, and the tonnage 
h^8 been raised to about 90 tons per furnace day with a sulphur 
elimination of over 60%. No radical change has been made in the 
construction or working of the reverberatories. The three now run- 
aing are smelting 440 tons of total charge each per furnace day. 
with an oil consumption of 0.86 bbl. per ton of charge. One has 
b<?€n rebuilt with an increase in size and a change in the design 
of binding. The latter has been concentrated into beams set at 5-ft. 
spaces, centre to centre, instead of the old method of close-set 8 to 
12-in. I-beams. This furnace is ready to go into commission when- 
ever required. 

At the converters the greatest improvement has been the re- 
modeling of the No. 1 Pierce-Smith basic converter. This converter, 
which is 30 ft. long inside, and has 46 tuyeres, is making 78 tons of 
blister per day from 38% matte. Charging is not done through the 
outlet as hitherto, but through a special charge hole from a fixed 
launder. A new copper casting machine has been built with oil-fired 
receiver which holds 50 tons of blister and is tilted by means of gear- 
^n? from the old disused converters bv an electric motor. 
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PROGRESS IN FUEL UTILIZATION 

lEilitorial. Octolier 25, 1913.) 

Till! cuauuUBity of interest in the field of metallurgy was well 
slitiwu at the meeting of tlie Iron and Steei Section of the American 
I'lHtitnt* of Mtning EnginciTs in New York last week. During the 
■*'-!»(ii)D a uiimlier iif nutalile papurs upon tlie use of powdtTed coal 
us fuel, and the recovery of waste heat from metallurgical furnaefs 
were read and discussed at some length, and the results attained iu 
the fii'ld of ziuc and copper metallurgy were presented and listened 
to with interest by tlie steel metallurgists. Curiously enough, three 
"f the papers had almost identical titles, though Messrs. R. K. 
Mi^adi?, H. R. Bamhurst, and W. S. Quigley treated the general sub- 
ji'i't of the use of powdered coal as fuel from slightly different as- 
fftiu. Tbiwe were jireceded by two papers on the generation of 
"li-am by the waste heat of furnaces, read by Mr. G. C. Stone and 
by the secretary for Mr. F. Peter, professor at Leoben. 

The present importance of the use of pulverized coal as fuel is 

J *lliiatrated hy Mr. Bamhurst 's estimate that 10,000 tons of coal in 

I *hi|j form is burned daily in the cement industry alone. The de- 

vjopment of direct-firing with coal duet has indeed advanced almost 

I IP'iri /lanint with tlie growth of the ontput of eement, the large quau- 

f iiy of coal used in the production of so cheap a commodity making 

'•■(rnssurj- fJie use of fuel in a form which permits more efficient use 

pf its heat eontejit than is possible in any system of indirect firing. 

^0 a iew extent, it has been applied to other fields of work, and its 

►recent use at the smelter of the C'aiiadinn Copper Company and the 

ftrtier experiments at the Highland Boy plant and al Cananea are 

►^ttli known to many of our readers. 

The diffieullies in the early work in all fields arose from the pres- 

Hce of moisture in the coal, insufficient grinding, and the attempt 

' **i iMe luwuitable types of coal. It is now possible to use any long- 

*'»imL- coal which contains over 25 per cent of volatile hydrocarbons, 

'^Jid coal containing as much as 25 per eont ash has been used in 

•-«iDi'nt burning. In smelting, ho high an ash content would not be 

l>ennisaible, especially in copjier treatment, for if the ash is fusible 

't tends to clog the flues and waste-heat boilers, while if it is infus- 

>»Ie it is an unwelcome addition to the already highly silicious charge 

"*> the hearth. Before pulverizing, the coal must be thoroughly 

I wied. In addition to the had effect of moisture on pulverizing and 

'Djeeting the coal, each per cent of nioislin-e in the fuel corresponds 

^•» adeerease of ,VJ .h-'frs KalinTihrit in lli,. Ii-mprratiire allainabli 




194 RECENT COPPER SMELTING 

in the furnace; a decrease which cannot be overcome by burning 
additional fuel. This bad effect is accentuated by the fact that only 
part of the heat is utilized in the furnace ; thus if the powdered coal 
contains five per cent moisture, the temperature in the zone of com- 
bustion is 1500, and the temperature of the outgoing gases is 600 
degrees — the heat wasted in raising the water to the temperature 
of the escaping gases corresponds to nearly ten per cent of the total 
heat value of the fue) Standard practice requires the grinding of 
the pulverized coal so that ninety-five per cent will pass 100 mesh 
and eighty-five per cent through 200 mesh. 

The aim in coal pulverizing is to make a maximum of what the 
millman used to call * slime', namely, material too finely divided to 
permit measurement. Various types of mills have proved satisfac- 
tory; ball-mills, various tube-mills, Raymond, and Griffin mills. 
Certain types of these permit the burning of coal as fast as it is 
ground; in others it is caught in storage-bins. The ground coal is 
not explosive unless it is so stirred up as to form an explosive mix- 
ture with air. 

In ordinary practice the coal is blown into the furnace by the use 
of twenty-five per cent of air, furnished either by a fan or by blowers 
which deliver it at higher pressures, the fan being preferred as 
cheaper. If a larger quantity of air is used, the flame becomes 
shorter, since the deflagration of the coal immediately in front of 
the nozzle is thus favored. The length of the flame attained depends, 
therefore, on the character of the coal, the amount of air used in its 
injection, and the draft. Regulation of the length of the flame is 
best done by manipulating the draft. It is, of course, necessary to 
admit an excess of air over that required for combustion, and th(^ 
temperature attained can easily be controlled by regulating the 
amount of fuel admitted. The convenience and economy of this 
method of firing is leading to its increased use in open-hearth and 
puddling furnaces, and, within the limitations of local conditions, 
is likely to lead to its increased use in reverberatory copper smelt- 
ing. 

The high temperature of the gases escaping from such furnaces 
makes it especially desirable that some of their contained heat shal* 
be recovered. This is commonly attained by the use of regenerators, 
but the gases escaping from these still contain recoverable heat- 
Unless their temperature exceeds 300 degrees Centigrade there J^ 
no economy in attempting to recover this heat, since the temper^' 
ture difl^erence between the gases and the steam generated is so sma^^ 
as to make the transfer of heat from the one to the other impract^' 
eal)ly sohv. Tho lowest practicable limit is perhaps attained at i\^^ 
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Pii Imerton, Pennsylvania, plant of the New Jersey Zinc Company, 
described by Mr. Stone, where gases (at 450°C.) escaping from the 
sf>elter furnaces are utilized in a battery of return-tubular boilers 
wliich furnish the steam required for the gas producers. It is there 
found that three horse-power can be recovered in the waste-heat 
boiler for each ton of coal gasified in the producers, without inter- 
fering with the results attained in the spelter furnaces. With re- 
verberatory copper-smelting furnaces the use of waste-heat boilers 
is standard practice, and the important paper by Mr. S. S. Sorensen, 
piiWished in our issue of October 11, 1913 [see p. 159], is of especial 
valine, since it gives the comparative results attained by two different 
tvr)e8 of boilers, and thus contributes greatly to that more exact 
knowledge of this subject which is much to be desired. 



BIETAL LOSSES IN COPPER SLAGS 

(Discussion, November 13, 1909.) 
1*h^ Editor: 

Sir — The following communication to the secretary of tlie Ameri- 

^^xi Institute of Mining Engineers brings up a subject on which 

?^*eat interest centres, and it may stimulate further discussion : R. 

^V^. Raymond, Secretary American Institute of Mining Engineers. 

,In Lewis T. Wright's paper on * Metal Losses in Copper-Slags,* 

^^sd at the New Haven meeting, he starts in by saying: *'It is com- 

^*only believed by the metallurgists that in copper smelting the 

^*0|)per in the slag, which is irreducible by continued smelting, is 

^^tained in the form of prills of matte." On a recent visit to Green- 

^'ood, British Columbia, I was discussing with J. E. McAllister, gen- 

^»*al manager for the British Columbia Copper Co., and the former 

''Metallurgist for the Tennessee Copper Co., this very question, and 

^e strongly held to the idea that the copper in slag was in two forms, 

J^amely, one portion contained in occluded matte, and the other as 

*n oxide. lie believed that this rule would apply also to the silver 

^*^ slag. From my experience I am strongly inclined to agree with 

^Ip. McAllister and it appears quite reasonable that in furnaces treat- 

« 

^ng oxidized copper ores, and to a lesser degree in furnaces treating 
sulphide ores, there is always bound to be present a crtain amount 
^f copper oxide and silver oxide, which will behave like any base, 
and get into the slag as such. We all know that in Arizona, in the 
early days, when it was customary to produce black copper, because 
the ores were nearly all oxidized (or carbonates) and 8uI\)Iiuy ^?vSv 
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scarce, the slags as a nile carried 2.5% copper and seldom less thafi 
1.5%. The economic point was determined by the extra coke neces- 
sary to produce the reducing action. In connection with the extra 
saving in eojjper, Arthur L. Walker, now professor of metallurgy at 
(.'olumbia l'niv«^rsity, and formerly general manager for the Old 
Dominion Copper Mining Co., at Globe, told me that with coke at 
jHjO per ton it never paid him to make slags better than 2.5% copper. 
In Tennessee, when treating well roasted and presumably well 
(>xi(lize<l ore, we seldom, if ever, had our slags contain less than 0.5% 
copper, yet when treating this same ore pyritically, and producing 
the sani(» jrrade c^f matte, the slag would not exceed 0.3% copper. 
The above instances are merely citeil to show that the normal 
tendency of coi)per oxide is to act like iron oxide, lime, or any other 
base, and to go into the slag. 

If we take Mr. Wright's first example and assume a 50% copper 
matte, eorrespcmding with 0.3% copper slag, which, by the way, 
would be i)retty low, we would have the following analysis of the 
matte and slag: 

Matte. Slag. 

Cu 50.000% 0.300% 

Ag 31.400 oz. 0.147 oz. 

An 13.950 oz. 0.026 oz. 

If we 1)0 jermitted to assume that no gold is oxidized in the slag 
and that all there present is contained in the matte, we can assume 
tJH' 0.02^ oz. as a ])asis and from it calculate the amount of silver 
and eoi)i)er eorresponding to the grade of the matte produced. I 
have given below in the second column, the results of this calcula- 
tion : 

Total b)ss. Matte loss. Oxide loss. 

( ^1 0.300% 0.093% 0.207% 

Ag 0.147 oz. 0.058 oz. 0.089 oz. 

An 0.026 oz. 0.026 oz. 

From the above it will be seen that of the total copper containecl 
in the slug iibout one-third only is lost in the form of matte, and the 
other two-thirds is probably in the form of oxide. Nearly the saia« 
nitio exists for silver; Hnd we all know that silver is easily oxidized 
in a funuiee with a hot-top, such as is usual in copper smeltin^- 
i\iu], wliile no doubt ])art of it is volatilized, a portion of it is read>^ 
to go into the slag. While neither Mr. McAllister nor mvself har^ 
any means of aetnally verifying the above theory, it appears to ii^ 
the simplest and most obvious solution of the problem, and mucl' 
more in keeping with the facts than that the metals themselves ar^ 
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dissolved in the reject material from the furnaces, which is a mix- 
ture of slag^ with a small proportion of matte. 

J. Parke Chaining. 
New York, October 3. 



METAL LOSSES IN COPPER SLAGS 

t Discussion, November 27. 1909.) 
The Editor; 

Sir — I am glad to observe that J. Parke Channing has taken in- 
terest in points suggested by the data I recently published in 
an article on * Metal Losses in Copper Slags/ and I sincerely hope 
that he and others will endeavor to collect and publish further in- 
formation on these matters of high technical importance. The slags 
I submitted to examination came from both blast and reverbera- 
tory furnaces, making first copper matte of usual grade, namely, 25 
to 50% copper. Both classes exhibited similar deficiencies in the 
ratios of the precious metals to the copper contained by the slag 
and matte respectively. That is to say, the slags contained less sil- 
ver and still less gold than should have accompanied the copper of 
the slag if this copper had all been of the grade of the matte simul- 
taneously occurring in the copper-smelting operation. I did not 
think it worth while to commence the enquiry by investigating con- 
verter, refinery, or black copper slags. 

As stated in the paper, the facts observed leave room for belief 

that some of the copper of the slag may have been existent as silicate. 

^^- Channing 's suggestion that some of the silver might be in an 

oxidized form is worthy of investigation. I have no data that would 

^^row much light upon this point. Such as I have, and some will 

"^ published later, show that in the ordinary migrations of copper 

through a cooling mass of slag, or in its precipitation by special 

^^thods of fusion, the silver follows the copper. It is well known, 

^^^ instance, that a bar of lead bullion does not contain its silver 

^^^lally distributed. The outside contains more than the inside. 

^^in is a case of what I have mentioned above as * migration' in 
cooling. 

*^1 the same manner the shells of slag formed in slag-bowls 
^^^tain more copper than the inner liquid portion. In cases I in- 
^^^tigated, the copper in the shells was not uniformly distributed 
tWough the shell. It varied according to position but the variations 
^* the silver follows the variations of the copper. It looks like a 
^^He of molecular segregation in which the three metals, copper, gold. 
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and silver, behave similarly. Circumstances alter cases. I did not 
observe a falling off of 40% in copper of the slags when changing 
from oxidized to sulphide charges in blast-furnace work, as noted by 
Mr. Channing. I cannot help thinking that the temperature of the 
slag formation may affect the slag in the power of retaining copper. 

Lewis T. Wright. 
San Francisco. November 16. 



METAL LOSSES IN COPPER SLAOS 

(Discussion, February 12, 1910.) 
The Editor; 

Sir — In your issue of November 13 last, J. Parke Channing sug- 
gests a method of calculating the amount of matte in a slag, which 
seems to me to be correct. The method is to determine the amount 
of gold in the slag, and with the supposition that all of the gold in 
the slag is in the form of matte, to calculate the amount of matte 
in the slag, using the ratio of gold to copper as jfound from a matte 
sample. Mr. Channing also writes that, **the remaining copper in 
the slag, amounting to about two-thirds of the whole, is probably 
in the form of oxide.*' In regard to this, Lewis T. Wright in a more 
recent issue says, **As stated in the paper,'* meaning one read by 
Mr. Wright before* the American Institute of Mining Engineers,. 
*4he facts observed leave room for belief that some of the copper" 
of the slag may have been existent as silicate,'* In Peters' * Prin- 
ciples of Copper Snicltinp:, ' page 113, we find the following: **Wheii 
an ore is smelted, there is a considerable loss of values in the slag, re- 
sulting mainly from particles of matte or metal which have faile< 
to separate properly from the slag, and, in a lesser degree, from th( 
fornuitioii of oxides of the valuable metals — especially lead an< 
copper — that have entered into combination with silica, and havi 
thus become, chemically, a part of the slag." This view of Xh^^::^^^^^ 
subject seems to be the one most favored at present by the metal- 
lurgist. 

It is a reeojrnized fact, that, if zinc is present in a slag, much of it 
is in the foiin of sn1|)hide. Personally I have known a slag rathei 
high in zinc to contain 1.7% of sulphur. Allowing 0.2% of this foi 
any matte, etc., in the slag, it leaves 1.5% of sulphur to combin^^^ 
with tlie zinc, or sufficient to form 4.5% of zinc sulphide. This zinC^^ 
sulphide is ('Principles of Copper Smelting,' page 393), in solution:^ 
in the slag and evidently in solution in very much the same raanne^^ 
in the form of matte, is in the form of cuprous sulphide, seems reason — 
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nble, inasmuch as zinc has much the same power of replacement for 
et>^per that iron has, to suppose the following reactions to take 
ploce: 

CU2O + ZnS = CujS + ZnO 
CujSiOa + ZnS = Cu^S + ZnSiOg 

0)pper is in much the same condition in a slag, both as to quan- 
tity and physical characteristics, regardless of the presence of zinc. 
Therefore the assumption that the copper in a slag, aside from that 
ill the form of matte, is in the form of cuprous sulphide, seems reason- 
able, and, furthermore, that it is dissolved in the slag in much the 
same manner as zinc sulphide. 

In endeavoring to prove this, I have tried to find a slag, which 
contained no elements other than copper likely to be combined with 
sulphur. The only one at hand is that made at the reverberatory 
furnace of the Union Copper Mining Co., at Copperopolis, California, 
in the summer of 1907. An analysis of the roasted ore follows ; also 
the copper and sulphur content of the slag. To flux the ore about 
10% of quartz was added and the slag formed was a rather stiff 
one due to the large amount of alumina and magnesia in the 
ore, which probably caused more matte to be suspended in the slag 
than is usually the case. 

Analysis of Ore 

Per cent. 

SiO, 21.80 

AlaO, 13.00 

MgO 6.30 

CaO 1.00 

Cu,0 3.37 

CuFeS, 10.57 

FeS, 5.87 

Fe,Oa 20.20 

FeSO* 5.10 

FeO 8.90 

Combined H^O 2.82 

98.93 
Cu, S, 

per cent, per cent. 

Matte 45.00 23.00 

Slag 0.63 0.23 

Assuming that all of the sulphur in the slag is either in the form 

^* Cuprous sulphide or matte, a determination of them separately is 

^ftde as follows: In copper sulphide, from the atomic weights, the 

^^tio of copper to sulphur is practically 4 to 1. Tn the matte, by 

^oans of the analysis, the ratio is 2 to 1. 
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Let 



C =the copper in the form of CU2S 
C' = the copper in the form of matte 
S =the sulphur in the form of Cu,S 
S' = the sulphur in the form of matte 



Then 





C -I- C = 0.63 


€\ %^ ^1 


S 4- S' — 0.23 


£111(1 


C — 4S 




C — 2S' 


Substituting 






4S -f 2S' — 0.63 




4S -I- 4S' — 0.92 




2S' — 0.29 




S' = 0.145 


C 


0.34% copper in the form of Cu,S 


C 


0.29% copper in the form of matte 



Some experiments were conducted, during the summer of l^^-'^ 
at the above mentioned plant by the superintendent, H. W. Ross, -^ 
follows: The reverberatory furnace was operated as usual, -writh 
the exception that the charge before skimming consisted entirel>^ ^^ 
a concentrate of pure sulphide, containing about 8% copper. As- 
suming that this charge melted into a matte, containing about 105?^ 
copper and leached through the slag replacing the suspended mntte 
containinti: 45% copper, with a 10% matte, but not affecting tiit^ 
cuprous sulphide dissolved in the slag, we can multiply 0.29 by 
10/45 and obtain 0.06%. copper in the form of matte under the new 
conditions. If we add this to the 0.34% as cuprous sulphide, we ob- 
tain 0A0%. as the total copper in the slag. As actually found i'^ 
l)ractiee this slag contained 0.45% copper. The slag and matte i^^ 
Copperopolis contained no gold or silver, otherwise, it would be i^^' 
teresting to calculate the amount of free matte in this slag by tH^ 
method suggested by Mr. Channing. 

The conclusions therefore from these data would seem to be thi*^ 
the copper in the slag is in two forms; first, as cuprous sulphide di^' 
solved in the slag in a manner similar to zinc sulphide; second, ^^ 
matte particles suspended in the slag, which amount, in a good sl^-^ 
and one well settled, ought to be small. The data given are not l>- 
any means sufficient to prove these conclusions, and I shall be gl^ 
to see some more discussion upon this subject, either for or again ^ 
the above statements. 

N. M. ZoPH. 

Kennett, California, January 22. 
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LOSS OF COPPEB IN SLAG 

' (May 11, 1912.) 

The slag losses of copper, other than mechanical, depend upon the 
composition of the slag, according to V. Vanyukov in Metalhirgie. 
Both matte and slag are electrolytes, the concentration of the 
(iifferent ions varj'ing with the different amounts of the ele- 
ments present. It is evident that the concentration of the 
cations of a given base in the slag will be affected by the 
pi^esence of sulphur compounds of this base. The higher the 
concentration of given base in the slag, the greater the tendency 
t^ dissolve sulphur compounds of this base, and along with it some 
associated Cvr^S. The degree of this tendency decreases with the 
^flRiiity of the element for sulphur and the degree of dissociation of 
^t^e element of the silicate and sulphur compound. The affinity for 
^^ilphur of various metals is in the following order: Cu, Ni, Co, Fe, 
^^n, Zn, Co, Mg, Al. With slags high in the metals near the end of 
^he series the losses in copper are much lower than with slags high 
^ the metals at the beginning of the series. 



USING SULPHIDES AS FUEL IN SMELTING 

By John Hollway 

•When metals are extracted from their ores by fusion, the neces- 
^^i*y heat is always obtained by the burning of coal, coke, or other 
'^fm of carbon. But sulphides can be made to burn in air, and the 
^^tallic sulphides, consequently, are natural combustible minerals. 
^^y object is to prove that they can be utilized as sources of heat in 
^^i*tain metallurgical operations. The most important of the min- 
^^1 sulphides is pyrite, with which are frequently associated sul- 
phides of copper and arsenic ; silver and gold are usually present in 
larger or smaller quantities. When pyrite is roasted in the open 
^^, an increase of temperature takes place in its mass, so that the 
^^idation continues without the application of external heat. This 
"Pc* ration is carried on in Spain and other countries, where vast 
^'^^.ntities of cupriferous pyrite are exposed is heaps for several 
^^^^ths to a slow process of combustion, which gradually converts 
"^^ sulphide of iron into ferric oxide. A similar combustion is ef- 

^xtracts from a paper entitled 'A New AppHcation of a Process of Rapid 
^^^^iation by Which Sulphides Are Utilized as Fuel,' presented before the 
S<Kit€ty of Arts (London), February 14, 1879. 
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fee ted in the pyrite burners of the sulphuric acid manufacturers, the 
solid product of the operation being the so-called 'burned ore', an 
impure peroxide of iron. Other important sulphides are those of 
lead, zinc, and antimony. Sulphide ores of copper, lead, and zinc 
are usually roasted to render them reducible in the furnace and to 
make their non-valuable constituents capable of combining with the 
fluxes used, the requisite heat being always obtained by the combus- 
tion of coal or similar material of organic origin. This process of 
roasting extends over a considerable space of time, and the heat 
evolved by the oxidation of the sulphides is never very manifest 
at any period of the operation. The sulphur and metals frequently 
bum to waste, because the utilization of the heat resulting from their 
burning has not hitherto been considered a subject of much impor- 
tance. If, however a rapid current of air is forced through molten 
sulphides, the maximum temperature of the combustion is attained, 
because all the oxygen of the air driven in is then utilized for oxida- 
tion, and the operation is concentrated into the space of a few 
minutes instead of occupying many weeks, or in the case of cuprifer- 
ous pyrite, many months. 

By calculation the comparative temperatures produced by the oxi- 
dation of the principal sulphides can be found. The data thus ob- 
tained indicated to me that the oxidation of sulphides could pro- 
duce sufficient heat to render their smelting a self-supporting opera- 
tion, and in consequence several experiments were made by forcing 
a current of oxygen from a gas cylinder into molten sulphide of iron 
contained in a fire-clay crucible. The tuyeres used were porcelain 
tubes and the stems of common clay pipes. When the current of 
gas was directed upon the surface of the mass, an intense incandes- 
cence with a violet light was observable, showing the high tempera- 
ture resulting from the oxidation. Upon dipping the tuyere into 
the sulphide the temperature visibly increased, and the oxide of iron 
formed acted energetically upon the silica of the fire-clay ; but the 
contents of the crucible soon became viscous in consequence of the : 
absence of sufficient silica to form a fusible slag. 

The experiments were continued on April 22, 1878, and largei 
crucibles used ; the sulphide of iron was acted upon by a current oi 
air, sand being added during the oxidation. Matte and slag wer^ - 
obtained. The sulphide of iron was made by fusing cupriferous py==i- 
rite in a steel melting-furnace, the fire of which was allowed to burr — 
down as soon as the oxidation commenced. When the blast of aiiS 
was turned on, the tuyere was dipped into the contents of the en 

cible. and the blowiuir was continued for over 30 minutes. Althou^ ' 

till* whole of the oxygen was probably consumed, the oxidati( 
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had not proceeded far enough to eoiieentrate the matte to any ex- 
tent. About half the iron was removed as ferrous silieate, in whieh 
was found 0.104% of copper, and the separation of the matte from 
the superincumbent slag was very distinct. It was evident that to 
enable the oxidation to take place with sufficient energy, it would be 
necessary to introduce the air very rapidly, and, after some further 
experiments, made also with crucibles, which showed that pyrite 
could be melted by the heat evolved by its own oxidation, a trial 
Mr as projected with a bessemer converter, because a rapid trans- 
raission of air could be thus obtained, and several experiments were 
accordingly made during July 1878. 

The plant employed consisted of an ordinary cupola, 4 ft. diameter 
a.t the tuyeres, and 5 ft. above, having eight tuyeres, four being 3 
ill. diameter and the remaining four 4 in. diameter. A ladle for con- 
veying the molten metal to the bessemer converter ; and a bessemer 
converter, capable of treating 6 tons of crude iron at a time, lined, 
as usual with gannister, and supplied with cold blast. The engines 
for supplying the blast were two cylinders of 42-in. diameter and 
4:-ft. stroke, working at about 45 r.p.m., at an average pressure of 
steam in the boilers of 73 lb. per square inch. The pyrite was put 
into the cupola with coke and treated like pig iron. When at each 
operation the cupola was tapped, the molten protosulphide was run 
into a ladle and thence into the converter. 

In the first of these experiments, which took place July 10 and 11, 
^^78, about five tons of molten sulphide was blown for half an hour 
^^ the same manner as a charge of bessemer iron. After thirty mi- 
nutes' blow the contents, consisting of silicate of iron and matte, 
>»Vere turned out of the vessel. No sand had been thrown into the 
^^ot^verter, therefore the gannister lining was energetically attacked 
^y the oxide of iron. The product was quite liquid when run from 
^'i^ vessel, the slag crystallizing on cooling in splendid crystals of 
*^irrous orthosilicate. In the next experiment, sulphides containing 
^4% of copper yielded, after a quarter of an hour's blow, a matte 
^^ntaining 46% of copper, and the destructive action upon the gan- 
nister lining was greatly mitigated by throwing sand into the con- 
verter. 

Six experiments were made on July 17 and 18. The pyrite used 
Contained 2 to 3% of copper, 1.5 oz. of silver, and 3 gr. of gold per 
ton. Owing to the small quantity of sulphide employed in each of 
these experiments, the blowing had to be of very short duration, and 
great care was also necessary to avoid overblowing. To obviate this 
the blowing had to be arrested earlier than would be necessary to 
produce a matte containing the desired percentage of copper; but 
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iu openitiny^ with larj^c^r (juantities of sulphide there would not be 
the same difficulty. The spectroscopic phenomena were observed 
through a six-prism spectroscope. The six experiments were all 
arranged and the duration of each blow in the bessemer previously 
settled ; and the first, second, and third experiments were so carried 
out ; the fourth was intentionally overblown, in order to observe the 
changes in the spectrum, and the result of these observations was 
that in the fifth and sixth experiments the blow was arrested at the 
moment indicated by the disappearance of certain lines in the 
spectrum. Mi 

The increments in the temperature of the gases at the mouth of 
the converter were measured by means of one of Siemens' differen- 
tial pyrometers. The pyrometer was 8 ft. long, with platinum lead- 
ing wires from the platinum spiral to the terminafs. The end ex- 
posed to the gases was protected for 1 ft. 6 in. of its length by a por- 
celain tube 2 ft. long, and the next 2 ft. by loam placed around the 
iron tube of the pyrometer. The indicated temperature was always 
below that actually obtained, as the fire-clay coating protecting the 
exposed stem of the pyrometer retarded the transmission of heat. 

The gases were sampled by means of a fire-clay bell, connected 
with Mi-in. iron tubing, protected by clay from the hot sulpfhur vapor. 
The iron tube, at a distance of about 20 ft. from the converter, had 
inserted in it two pieces of brass pipe, to which were connected, by 
india-rubber tubing, two glass tubes for taking the gases. The free 
ends of the gas tubes were connected through a T-piece with a power- 
ful aspirator holding 20 gal. of water. By turning a tap and shut- 
ting olT the water-cock of the aspirator, both tubes could be filled 
with identical samples of gas evolved from the converter at any 
given moment. The sublimate appeared in the glass tubes about 
three seconds after turninj:: the taps. To avoid any interruption in 
the experiments, two converters were fitted with similar appliances, 
both pyrometers being connected with the same instrument, but only 
one converter was used. 

In the first experiment the blow occupied 17 minutes, during which 
period 14 cwt. of red sand was added. The amount of sulphide in- 
troduced into the vessel could not be exactly ascertained. The mean 
pressure of blast was 20 lb. per square inch. The phenomena at the 
mouth of the converter were nmiarkable. At the beginning dense 
white fume issued from the mouth of the converter, colored in vary- 
ing tints by the volatile metals present in the incandescent state, 
affording a brilliant spectrum containing a great number of bright 
lines. When the temperature rose and the lead was in great par 
expelled, the fiame showed less *body' and was of a bluish-gree 
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Hllor. possibly from tlii' preseiuic of niiiiiiti- i|iiantitifs of ziti'.' aiitl 
topper. Th*- blown proiJiiL-l of the h^xptriinWil was «'iii|itii'(l into ingot 
lolds ami iillowfri lo unol. Wlieii mild it wiis foiuiH to itonsist of 
iir«c zouL's, tbf upper one heiiitr the bIhk proper, the central zone a 
nixed product of slag and matte, and the lowest a matte free from 
Uica. The specific gravity of the matte was ahout 4.8 and the sltiR 
" nboiit 4.1. The products of the experiments gave, upon analysis, 
the fnllowiug results; Slag, FeO 5:iM0%, Fe,0, 3.00%. eopper com- 
bined with sulphur 0.167c, sulphur 3.39%, siliea 29,110%. Matte, 
iron 57.10%, eopper 15.85%, sulphur 21,96 per cent, 

Tke (wcoud esperimeut was similar to the tirat. hut aii'tiit 30 ewt. 
'. fused sulphide was used. The sand added was about 14 cwt., 
fiich was thrown in, as in the first experiment, and thei'e w»s. as 
an uitei-inediate matte. The slag was dense, black, and very 
■j'stalline; it showed a peculiar radiated structure at the edge 
ar the iron molds, caused by the sudden ehill. The zones wen' 
pot horizontal, but were more <ir less eouical, as owing to the sudden 
jfrigeratioii of the mass the denser particles had sulisided last in 
he central portion which remained fluid longest. The analyses of 
e slag and matte obtained are as follows : Slag, FeO 54.62%, Fe,0:, 
tir71%, copper combined with sulphur 0Ji2'/ , silica 30.05%. Matte. 
6.05%, copper 16.59%, sulphur 23.47 per eeut. 
Ju the third experiment the uharge was more fully blown. The snl- 
liide used was about 25 ewt. and the sand added about 14 ewt. 
: blast pressure was 20 lb. per square inch, and the blow oc- 
opied 17 minutes, which was somewhat too long. The separation 
"of the slag from the rich matte immediately beneath it was very 
distinct. The analyses of products in this experiment are as fol- 
lows: Matte, sulphur 22.22%,, iron 12.56%, eopper 62.36%.. Aver- 
agi- of the slag, metallic iron 49.30%, metallic copper 1.55%. silicn 
29.55 per cent. 

In the fourth experiment the charge was overblown by about aix 

minutes. No sand was added in this blow ; about 1 to V/i tons of 

fused sulphide was used. The product was apparently homogeneous 

in oomposition and gave on analysis; Bilica 34,34%, FeO 25.10%, 

Fe^Oj 33.83% f^43.27% metallic iron), copper oxide 2.397o (= 

iSl^c copper). This slag is less basic and far less crystalline than 

those ordinarily produced, and the eopper exists principally as 

"^itle. As soon as the sub-sulphide of copper began to burn, a 

*pJeiidid emerald-green flame suddenly appeared, lasting about a 

"'miiie, and all the lines except those of eopper and sodium left the 

*t**drum. During the Inst few minutes of the blow the mouth of 

"^ converter was dull and without flame. 
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The sixth and last experiment of this series was made upon about 
20 ewt. of the fused sulphide ; about 11 cwt. of sand was thrown in 
with a shovel during the blew, which lasted 11 minutes. A central 
zone of mixed matte and slag was obtained, as in the first experi- 
ments of the series, and its composition was somewhat similar. It 
is of interest to observe that this contained neither silver nor gold, 
which were concentrated in the rich well separated matte. Slag, 
copper 0A2%, FeO 67.52%, silica 26.22%, sulphur 2.06%.. Matte, 
copper combined with sulphur 59.71%, iron 13.16%, sulphur 21.94 
per cent. 

During the preliminary melting of the pyrite in the cupola, the 
flame seen at the charging door of the cupola exhibited brilliant 
colors, continually changing in tint. This flame brightly illuminated 
the visible spectrum. The greater part of the lead was volatilized 
during this preliminary melting. Indications were, besides, ob- 
tained of the volatilization of sodium, lithium, and thallium. The 
flame of sulphur and that of carbonic oxide give no distinctive lines, 
neither does arsenic volatilized as arsenic trioxide ; hence no indica- 
tion of the presence of these substances was to be expected, and zinc 
was probably not present in this flame in the form of vapor. The 
spectrum flame from the bessemer converter during the blow was a 
brilliant one. The lines of sodium, lithium, and thallium were 
recognizable, but the majority of the lines are of (as yet) un- 
known origin, though they are the most important, since the 
changes furnish indications of the progress of the chemical changes 
taking place in the vessel. Some of these unknown lines are those 
which were employed as test lines. No lines of lead were observed, 
nor of copper, except in the fourth experiment, in which all the 
lines except those of sodium disappeared about six minutes be- 
fore the * turn-down'. The charge took longer to melt in the cupola 
than a corresponding weight of pig iron under the same circum- 
stances, but, when once molten, the sulphides formed a mobile lim- 
pid liquid. 

Whenever during the experiments the converter was tipped for- 
ward the SO2 poured out into the pit and made itself apparent by 
its strong odor. When the converter was in position, however, and 
the blast on, the smell was scarcely perceptible in the close vicinity 
of the flame in consequence, doubtless, of the rapid convection of the 
hot gas. The lining of the converter, after the six blows, was found 
to be not very materially acted upon, and therefore the reserve con- 
verter was not required. The products of the experiment which re- 
mained for examination consisted only of slag and matte and a few 
samples of the gases evolved. The sulphur and sublimates werea 
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J>riiicipally lost in tlif uupola, whiuli, ais before iiieutioued, was only 
Bsed for eonveiiience. In practice, the volatilized substances would 
le collected in flues. 
Further experiments were made on November 1 aud 2, also with a 
letner converter. To start the oxidation, about two tims of 
ised sulphide was run inio the vessel, which was then brought into 
isition and the charge was blown for about five minutes without 
.ny addition. As the heat of mass increased, four tons of cold py- 
ite was thrown iuto the converter, gradually, in large lumps, to- 
gether with 9 cwt. of sand containing over 16% of moisture. Al- 
though a large quantity of heat was expended in expelling the sul- 
phur from the cold pyrite and in the expulsion of the water from the 
sand, yet the contents of the converter were maintained perfectly 
liquid by the heat of oxidation. After blowing some time, half the 
charge was tipped into the ladle, and, after the converter had beeu 
II gain placed in position, 18 cwt. more of pyrite was added, in lumps, 
and 3 cwt, more sand. After a short time the blowing was discou- 
tiuued and the contents run out into the ladle. 

During the experiment sulphur vapor burned at the mouth of 
le converter and phenomena were observed similar to those pre- 
.ously cited. It was proved to those present that the smelting of 
p>yrite can be made a self-supporting operation, and that copper 
iiiatte, silicate of iron slag, volatile sublimates, and SO, can be ob- 
taiued without the employment of any extraneous fuel other than 
that employed in producing the blast. Another experiment of a 
similar nature had been previously attempted, but the addition of 
t-old and wet raw material too early in the operation caused ton 
threat a reduction in the temperature, and the chilled uoutents of 
t he converter had to be extracted by melting with coal. This re- 
frigeration will be readily understood when the heat rendered latent 
»y the fusion of the bisulphide of iron is taken into account, be- 
ides which large quantities of gas left the liquid mass at a red 
:Bt, and were not utilized for heating or driving off sulphur. 
These experiments were carried out with an ordinary besscnier 
limit, but, for many reasons a bessemer converter is not suitable 
reduction of cold pyrite to matte, nor has it any arrangement 
^or aIIowin<j the matte to accumulate out of the reach of the blast, 
pon running the molten mass from the ladle into one of the ingot 
lolds, the slag ran in u thick cylindrical stream of perfect con- 
inuity, falling witimul noise a distance of some feel inlo the lii|UTd 
irtion below. This lasted five minutes, and resembled the effect 
irodiicpd by illuminating a eontiniious column of liquid by a ray 
,Df light passed along its axis. 
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Further experiments with a bessemer plant were made on Febru- 
ary 5, at which Prof. Roseoe and other friends were present. The 
first experiment was accidentally overblown, besides being chilled 
by the addition of more than the calculated quantity of sandstone. 
In attempting to continue the operation by the addition of lumps 
(»f pyrite, the strong current of air traversing the silicate of iron 
chilled it, and caused the mass to set in the vessel. It was partl> 
extracted by the aid of coal, and partly by means of rods. About 
2 cwt. of coal was now thrown into the empty vessel, and lumpe 
of cold i>yrite wore added. The blowing being resumed, liquid 
sulphides a(*(*umulated on the tuyere hearth of the vessel, and 
pyrite and sand were continuously introduced during eight hours. 
While th(^ operation was in progress a steam-pipe burst, and the 
blowing was discontinued for 20 minutes. The contents of the ves- 
sel, however, remained fused, and the operation was continued 
without any difficulty. During the 8 hours the blow lasted, a con- 
tinuous jet of sulphur vapor burned at the mouth of the converter, 
where it came in contact with the external air. Round the edges, 
particularly at the base, the flame was of the well known blue coloi 
of burning sulphur; hut the body of the flame appeared of a green- 
ish tint. This was due to the yellowish brown color of the unbumed 
incandescent vapor of sulphur and the blue color of the sulphur 
flame; view(»d through a small direct-visicm sj^ectroscope, many 
absorption l)an(ls were s(»en occurring at apparently regular inter- 
vals, from the red to the violet. Dr. Watts l»elieves the spectrum 
to be priueipally due to Ww sulphur. Over 8 tons of sulphur vapor 
was prol)al)ly huriKHl in the 8 hours, and about 18 tons of raw 
pyrite was treated. 

The slag formed in the ex|)eriments principally consisted of a 
silicate of protoxide of iron, l)ut contained some sulphur as sulphide 
of iron. If. after tlu* matte has been sei)arated from the slag, the 
latter is further l)essem(M*ized, and thus partly converted into 
silicate of peroxide of iron, the sul|)hide of iron will be entirely 
oxidized, and tin* sla<r eonsecjnently will contain no sulphur. The 
oxidation of KeO to Fe.O., would ])roduco the heat necessary to 
maintain the sla«r molten during this oj)eration. 

It is prol)able that the form of furnace eventually adopted will 
he a modification of the ordinary blast-furnace, fitted with a tuyere 
hearth. Rucli a furnace, built on pillars, witli bosh and hearth of 
some siihstanee not rapidly aeted n|>on by the slag formed during 
thr biir-ning of the siilphidt^s would, working continuously, treat a 
larg(» (piantlty of material. Heing built on pillars, the crucible 
hearth and tuyere bottom could be replaced when necessary with- 
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out disturbing the remainder of the structure, and as these would 
be the only parts in contact with the fused materials, the furnace 
from the bosh upward should not experience much wear and tear. 
^Vlieii a gannister lining similar to the ordinary bessemer lining is 
erriployed for the bosh and hearth, the corrosive action of the PeO 
w-ould be neutralized and avoided by introducing with the pyrite 
sii.l!icient silicious material to produce a slag containing at least as 
l5i jTge a proportion of silica as compared with the bases, as the for- 
irmla 2ROSi02. If, however, a basic lining is employed, the slag 
shkculd contain less silica, and in no case more than the proportion 
^^iuivalent to the formula 2ROSi02. Under such circumstances the 
l>lowmg would be continuous, the hot charge coming down to a fusion 
zone, the height of which over the tuyeres would be determined 
\>y the amount of air blown in, and the frequency with which the 
blown products are withdrawn, var>'ing likewise with the com- 
position of the charge. The products could be withdrawn by tap- 
ping, aa with a common blast-furnace, the matte being run off 
from a reservoir below the tuyeres, where it would collect. Being 
thus unacted upon and undisturbed by the blast, rich matte, or 
even metallic copper, could be produced. By continuing the oxida- 
tion and producing CujS, and some metallic copper, the gold and 
silver will be found with the metallic copper. It is well known 
that small quantities of silver and gold are far more completely 
extracted from minerals which contain them by smelting, or 
treatment with fluid metal or metallic matte, than bv anv wet 

7 ft ft 

process. The fact that by such methods practically the whole of 
these metals present are collected and concentrated, is the funda- 
inental principle of the analytical assay, and is proved by the accu- 
racy of determinations made in this manner. A large side Hue, at 
the top of the furnace, would carry off the gases and sublimates 
after their temperature had been reduced in heating the charge in- 
troduced above through a self-closing hopper. It is calculated that 
such a furnace, 30 or 40 ft. high, with a hearth capacity of 1 cubic 
^ctre, would be capable of treating annually 50,000 tons of pyrite, 
aid a similar quantity of silicious flux, working 200 days in the year. 
The theory of smelting sulphides with a blast-furnace is as fol- 
lows: The operation is started by placing the tuyere hearth in its 
place, and throwing in hot coke at the top of the furnace. The 
"^ast is now turned on, and the coke develops a high temperature 
"y its rapid combustion. The ordinary working charge of sul- 
phide and rtux is now introduced at the top hopper, and as the 
^^Jlphides melt the coke burns away. As soon as a layer of molten 
sulphide lies over the tuyeres, the blast is increased and also the 
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burden of the furnace. The charge above the fusion zone as it d 
scends is gradually heated, losing much of its sulphur by volatr 
zation before it becomes molten. On fusion, a considerable amoui 
of lead sulphide will distill over, accompanied by the remainder 
the arsenic as sulphide in the strong current of nitrogen and sv 
phurous acid. These gases, as they pass upward in the fumac 
will be greatly reduced in temperature by the volatilization of tl 
sulphur and moisture from the crude materials. There is son 
reason to believe that more than half of the sulphur in pyrite 
volatilized in the free state by this operation. The sublimed o 
ides, sulphides, and sulphur would be collected in the wide chai 
bers with which the side flue is connected. Below in the hear 
the oxygen of the air forced in acts upon the sulphides of iron ai 
zinc contained in the charge, and as long as a constant supply 
these substances arrives at the hearth no other constituents prt 
ent will be appreciably oxidized. A tap-hole near the top of ti 
hearth allows the slag to be withdrawn. The blowing would 
continuous day and night so long as the tuyere hearth lasted, ai 
the heat from the gases after they leave such a furnace could 
utilized so as to heat the blast or to produce steam-power for t 
blowing engines. The product of about six tons of material wou 
be tapped every half-hour, so that in seven days work 1000 to 
of sulphide would be treated. If desired, the products could 
run direct into suitable reverberatory furnaces, when, after tl 
matte had settled, the slag could be run off while yet in a molt< 
state, and in which the oxidation of the matte could be complete 
It is difficult to see how the charge could be overblown, but if 
were, the product could be worked up again by adding it to a su 
sequent charge of sulphides introduced at the top. 

The SO2 evolved could be oxidized into sulphuric acid in chai 
bers, or reduced to sulphur by HoS. The latter decompositi( 
might be accomplished by driving superheated steam into the fu 
naee where the sulphides are oxidized. The SOg could also be nt: 
ized by Ilarprreaves ' process, and there are other possible metho* 
of treatment, such as dissolving it in water by spray jets in towei 
or by condensing the gas to the liquid state. I am indebted 
A. II. Allen for indicating to me a means by which large quau 
ties of liquid anhydrous SO2 can be produced, from which sulphui 
acid free from arsenic could be made. This plan appears to ■ 
simple, and offers many advantages. **The gases, freed from i 
purities inechanieally carried over with them, are first cooled a 
then led into towers, or other suitable vessels, filled with charca 
which will absorb and retain the SO. and allow the nitrogen to escaf 
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The so., is afterward obtained foni the a])S()rbent })v exhaustion or 
heat, and, being thus practically free from the nitrogen, can more 
readily be liquefied by compression than is possible in the presence 
of a large quantity of that gas. The S0._, having been extracted, 
the charcoal will be ready for another operation, and may thus be 
lined many times in succession/' 

I have thus endeavored either to prove by experimental data, or 
to logically demonstrate:* 

1. That the whole of the oxygen of the air driven into a thin 
St. latum of protosulphide of iron (FeS), is utilized for oxidation. 

2. That by the heat evolved in the rapid oxidation of sulphides 
ariid without the use of extraneous fuel other than that employed 
iii producing the blast: 

(a) About one-half of the sulphur contained in iron pyrite (FeSo), 
is expelled in the free state. • 

(b) The remainder of the sulphur, excepting that left with the 
matte, is principally evolved as SOo. 

(c) Although only about 20% of sulphur is oxidized, the propor- 
tion of SO2 to nitrogen by the new process is 14.9%, which 
is a larger proportion of SOg than is obtained by copper 
smelters who manufacture sulphuric acid. In the ordinary 
method of burning pyrite, where 45% of sulphur is oxidized, 
the ratio of SOj to nitrogen is only 16 per cent. 

(d) The volatile metallic sulphides, such as arsenic sulphide and 
lead sulphide, are distilled off with sulphur. 

(e) Iron being more oxidizable than copper, silver, gold, nickel, 
and certain other metals, these latter will be all concentrated 
in the matte, provided an excess of sulphide of iron is always 
present. 

(f) The FeO thus formed is converted into slag by the addition 
of the silica introduced with the pyrite. 

(g) The more perfect fusion of the slag thus obtained prevents 
loss of copper by entanglement with imperfectly fused ma- 
terial. 

(h) About 16 to 20 cwt. of incombustible material, having a 
specific heat of 0.15 to 0.25, can be added per ton of pyrite 
when a cold blast is employed, assuming that 1000°C. is the 
temperature necessary for the operation. 

(i) The quantity of similar incombustible material can be in- 
creased to 30 to 34 cwt. to each ton of pyrite operated on, 

^Much of the experimental data given in the original paper has, from con- 
^^^erationa of space, been omitted. — Editor. 
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when a hot blast of 5()0°C. is employed, assuming that 1000 
C is the temperature necessary for the operation. 
(j) Such incombustible material may contain larger or amaile 
quajitities of valuable metals as oxides which will pass int 
the matte or be volatilized as sulphides, after double decon 
position with FeS present in the molten bath. Thus silicate 
of nickel or copper would be converted into sulphide o 
nickel or copper, and be concentrated in the matte. 

3. That when employing a silicious lining for the furnace th 
corrosive action of the PeO formed is greatly mitigated, if no 
practically avoided, by the addition of sufficient silica with th 
charge of pyrite to produce a slag containing more silica than i 
required by the formula 2(MO)Si02 (M representing an atom o 
divalent metal). 

4. That the quantity of coal necessary to produce the blast, cal 
culated on the oxygen requisite for the oxidation which takei 
place, is 1% cwt. per ton of pyrite. 

5. That to heat the blast to 500°C. an additional amount of lea 
than 1 cwt. of coal per ton of pyrite is sufficient. 

6. That the new process would materially avoid the destructior 
of vegetation now so bitterly complained of in Spain, and, at the 
same time, would greatly increase the profits of the pyrite companies 
that now employ the cementation process. 

7. That the new process could be advantageously employed b 
the copper smelters for treating rich copper ores on account of tta 
^reat economy there would be in labor and fuel. 

8. That the cost of plant is small, compared not only with tfc 
(luantity of material it would treat, but also on account of tM 
additional j)rofits derivable from the new process. 
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DEVELOPMENT OF CONVERTER PRACTICE 

(Editorial, November 2, 1912.) 

Less than a half century ago all the copper produced from sul- 
phide ores was converted from sulphide into motal by a tedious and 
t'xijensive series of repetitions of roasting and smelting processes. 
*Vow the use of the so-called *bessemer^ converter is universal and 
tlie successful development of an upright converter, 20 feet in 
diameter, at the Great Falls smelting plant of the Anaconda com- 
pa^ny, as described in earlier issues, affords an opportunity for a 
review of the development of converter practice. The primitive 
aiicestor of the conversion of matte into copper through oxidizing 
tKo sulphur by means of a blast of air was the mahuki method, 
pi'aetised in Japan from early times. This method had no influence 
0^^ progress, however, and it was not until after Japanese metallur- 
gists had adopted the modem type of converter that the similarity 
0^ its principle of action to that of the mahuki method was pointed 
^^*t.. Development had its inception in the pointing out by Henry 
^^ssemer that the removal of the carbon in x)ig iron could be ac- 
c^naplished by blowing air through the molten mass, as the heat of 
^^idation of the carbon and silicon would be sufficient to keep the 
^^Hss molten until the completion of the operation. The analogy 
^ith the sulphur in copper-iron sulphides soon suggested itself to 
''^^tallurgists, and experiments were made by Kuj)elweisse in 18()8 
*^id by Jossa and Lalitin in 1871, with the idea of producing copper 
*^om matte in the bessemer steel converter. But, as pointed out by 
^^i*. James Douglas, in his review of con vert tT development, these 
experiments were dropped when it w«s found that the copper 
^*hilled as it formed and choked the tuyeres, this unexpected result 
Saving rise to the too hasty assumj)tion that the method was im- 
P^'acticable. A few years later John llollway made a series of ex- 
P^i'iments and later presented several good i)apers before the London 
^^ciety of Arts, describing the results obtained. Elsewhere in this 
***sue we reprint the more significant i)arts of the first paper, a fuller 
PJ^esentation of which the limitations of our space unfortunately 
^^x*ve to prevent. llollway so clearly mapped out the general field 
*^^this work deserves to be better known l)y metallurgists, to whom 
*^^ Proceedings of the Society of Arts is comparatively inaccessible, 
^^d we accordingly republish it for the l:>enefit of our readers. HoU- 
^y points out that the heat generated by the oxidation of the iron 
^^ sulphur is sufficient to maintain the mass in a molten state dur- 
^R operation, and that the difficulties are lessened when the active 
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mass is irreator; tlie latter a factor of which the full force has onlv 
recently been realized. He further iHiiiited out that the SiOo re- 
quired to form a slag can either be derived from the silicious liuin^^ 
of the converter or from silicious material thrown into the converter 
during the i)rogre8s of the operation, and suggests that in this way 
quantities of silicious gold and silver ores may be smelted. But 
llollway was more impressed with the possibilities of his method 
as applied to the production of a rich matte from low-grade sulphi<le 
ores, having directed his experiments to that end, and after re- 
marking that the ordinary form of bessemer converter is not alto- 
gether suitable for this work, proposes the use of pyrite smelting : 

in a modified form of blast-furnace. Having blocked out the essen 

tial features both of the converting of matte and of pyrite smelting^ - 
HoUway was not equally successful in the development of the neces— ^ 
sary apparatus. The many accidents of converter operation, now s< .» 
familiar, served to effectually deter his financial backers, ami thir ^ 
brilliant series of experiments came to an untimely end. Shortly 
afterward, M. Manhes attempted the making of copper from matt ^ai 
in the bessemer converter at his rolling mill at Vedennes, and. havin _^ 
hit on the expedient of placing the tuyeres at such a height that tlr- : 
blast would not chill the metallic copper as it formed, he met wil 
such success that he proceeded to erect a full-sized plant at AiguilN 
about 50 miles north of Marseilles. Here two 3-ton bessemer co^:^i 
verters were used, in one of which the matte was concentrated -^^ * 
60 per cent copper, then transferred and blow^n to blister copper "i^ 
the second. It is truly remarkable that so important an advan*^^*^ 
in the art of copper smelting should be made in a country of s^^ 
little importance as a source of copper that it does not ordinari •> 
appear in the list of producers, and at a i)lace so obscure. TW "»* 
honors may fairly be divided betw^een Manhes and Hollway. II(v ^* 
way made a scientific study of a general problem with commendat^ 1 * 
thoroughness, but unfortunately he slighted the most importa. ^^* 
possibility of his results, and his experimental work was incc^ ^* 
elusive. Manhes, on the other hand, concentrated his attenti^^^-* 
upon the making of copper from matte, and being able to expe ^^*^ 
ment at his own plant, quickly attained success. 

Development of the method now transferred itself to this count^^^-2 
Franklin Farrel followed the lead of Manhes at the Parrot wor*'^ 
at Butte, with the assistance of some of Manhes* pupils, so succ^^^^ 
fully that six converters were soon at work, the scheme of keepi'^*^^ 
the tuyeres free from copper by systematic punching, initiated at ^^^^ 
Parrot, being a material aid to success in operation. By 1890 tJ^^ 
advantages of the new method were generally recognized and coti- 
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were in ust' or lunlur (iiinHlnietion at Aiia<:i.nula, tiri'ut Fails, 
Itiitte, and Ashifi, -Japan. All these planls used some modification oi 
'he upright type of converter, and it was not until later that tin- 

Ilinrizontal type of coDverter was first employed in Aniepica at the 
Vivian plant at Sudhury. Ontario. The management of the Copper 
'Jiieen eompauy had studied the operation of small converters of 
Ihis type at an Italian smelter at Leghorn and 5-ton converters were 
I'onalructed for experimental purposes. The purpose of the design 
'if the horizontal or 'Biabee' type, as it afterward eame to he known, 
's to obviate trouble from the chilling of the copper at the tuyeres 
''JS' placing them in a horizontal row on one side so that by tilting thi^ 
i^ojivertcr the tuyeres may be kepi above the level of the acciimii- 
'atpii copper. Por a variety iif reasons this type of construction 
■>ti"n[igly appealed to metallurgists, and its use became so general 
'•^«t it was not long before only a few plants retained the upright 
''*-*»:islruetiou. Among these was the smelting plant at Great Falls, 
'^'*n?re the staff not only adhered to the type, but developed it from 
' ^pct in diameter to 20 fret in diameter, and have earned the right 
'*"* Hltach the name of Great Palls to this form of construction, 
'""isinally known as the Parrot type. Meanwhile the changing flux 
""^ conditions had led, through a series of experiments which wonld 
'"'^•^iiire too much space for mention, to a general use of Hollway's 
"^^thod of throwing in silicious materia] through the mouth of the 
'' <">«verter. and it was found useful to observe his suggestion that the 
'' ifficiilties of operation are less when the mass of material treat<?d is 
- ffatiT. Messrs. Pierce and Smith accordingly devised a large hori- 
'-*">iitiil converter with a basic lining which could be successfully used 
i'lid was generally adopted at the plants of the American Smelting 
& Refining Company. The original form of this converter was 
iriochanically imperfect, and exhibited in exaggerated form the 
•Irawbaeks of the Bisbee type. The shape of the lining in the hori- 
^**WtHl type is structurally imperfect to resist the strains resulting 
f''<im changes of temperature and the elTects of mechanical abrasion. 
'hv shape of the lining in Ihe upright type, a vertical cylinder, is 
"'Pchanically good, and as a residt this type of construction is being 
'"■'•pted at Ihe Cananea. Copper Queen. Calumet & Arizona, and 
•^'"ii'-nna Copper Company plants, and at the El Paso and Ilayden 
l''«»ls of the American Smelting & Refining Company as well. The 
""e of large upright converters with basic lining decreases thft cost 
"' •■onviTting nearly to the irrcdiicihle minimum of tlie power cost 
'■■ air. and llie minimum of labor for charging, pouring, and punch- 
"'8 of tnycres, and it seems improbable that any further great ad- 
■'ancc will be made, though metallurgists will continue, as in the 
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past, to constantly improve their practice within the limits of the 
basal definition of metallurgy as the art of making money out of 
ore. Meanwhile Messrs. C. W. Goodale, H. A. Wheeler, and the staff 
of the Oreat P^'alls plant have the satisfaction of knowing that 'stick- 
ing to the job,' in the words of Mr. E. P. Mathewson, does bring 
gratifying results. 



DEVELOPMENT OF OONVERTBS PRACTICE 

By Herbert Haas 
(October 25, 1913.) 

In the MinliH/ and Sriftilifir Press of Novemher 2, 1912, there ap- 
peared an (»xeor|)t from the well known paper by John Hollway, 
*A New Apf)lieation of a Process of Rapid Oxidation by Which 
Sulphides Are Utilized as Fuel/ presented before the Society of 
Arts (London). February 14, 1879. In the accompanying editorial, 
entitled * Development of Converter Practice/ as is usual in articles 
dealing with the history of copper converting, Pierre Manhes re- 
ceives vsole credit for having developed the first successful copper 
converter notwithstanding the fact that Paul David, who was then 
Ingenieur-Directeur of the Vedennes works (Vaucluse), of which 
Manhes was the owner and furnished the means for the trials, did a 
great deal of ()ri«rina] work, and as metallurgical engineer and co- 
worker of Manhes should nt least share equally with him in the 
honor of being the first to d(»vise a successful copper converter. 
Nor can 1 njzree with a |)ossil)l(» inference from that editorial, namely. 
that John Hollway nui(l(» his (experiments to devise a process of 
bessemeri/iuG: copp<^r matte. On reading his article critically it be- 
comes apparent that what he a(lv(>eate<l and was trying to do is 
])yrite smelting as practised today. B(H*aus(* he used the term 
Mj(\ssemerizing' and gave to his experimental apparatus the name 
'eon vert (*r'. a luiniber of well known nu^tallurgists ascribe to him 
the important initial work of hi^sseiTierizing. As a matter of fact, 
Hollway wanted to «i:et away from the bessemer converter, and so 
states in his article, and describes a fnrnaet* as being more j>ractical 
in carrying out his idea, namely, to produce matte from pyrite ore 
without the use of extraneous fuel. 

Kolx'rt Sticht. in his cha[)ter on pyrite smelting, in K. 1). IVters' 
'Modern Copper Smelting.' accurately remarks: *'To John Hollway 
of Kngland is due. tlierefort*. the credit of being the founder of the 
smelting process advocated in these lines" 'A new application of 
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^1 lifsseuii-r's protcss of rapid oxidfltioii h.v which siilpliides Mrt- 

^H utilized for fuel.' "Whi.'ii mi'lals are extracted from their area by 

^F iiisioD the iiecessary ht^at it; alwaj's ubtaiued by biiriiiii(; cukI, uuku, 

, or other form of earboD. 1 wish, however, to remind you that sul- 

phideB can be made to bum in air, and are thus combustible aidi- 

stonces, while oxides are bodies that havf already burtied, whieb aa 

ymi kiiow is the eoiiveiitiuiial expression for entering into combiua- 

libu with oxygen. The metallie sii)phi<l<;R, uonaequently, are natural 

'!ombu8tible minerals, and luy object is to prove that they can be 

Ktilized aa a source of beat in certain metallurgical operations. The 

oiost important of the mineral aulphidea is pyrite, both on account 

o-f its ocenrrence and the extent of its depoaits." But Hermann A. 

Keller, in his chapter on 'Beasemerizing Copper Mattea,' in the same 

w<3rk, as well aa -Tames Douplaa," again refers to Ilollway as an 

*'^*t])erimenter trying to apply the converter to the eoiiversion of 

''"-»jipi-r sulphides. Hollway had in mind the treatment of sujphide 

" ■~«'s. and tlieir conversion uito a molten state with a eorruspoudiug 

'•^aceutration of the cofiper sulphide into a regulua, wltiiout the 

"**« of extraneous earbonaeeoua fufl, but did not attempt to convert 

"*«tte into copper, 

-A few quotationa from his article will bear me out in my views. 
These experiments were carried out with the ordinary bessemtr 
!*l »nl. but for many reasons a hesaenier converter is not suitable 
^**r the reduction of cold pyrite to matte, nor has it any arrange- 
*»«;Dt for alloAving the matte to uceumulate out of the reach of the 
'*laist." "The blowing being resumed, liquid sulphides accumulated 
■*»! the tuyere hearth of the vessel, and pyrite and sand were continu- 
*»»aly introduced during the eight hours." 

"It ia probable that the form of fiimaee eventually adopted will 
'•«: a modifieation of the ordinary lilaat-fumnee, fitted with tuyeri- 
™«^Jirth • • •, the blowing would he continuous, the hot charge 
"Coining down to a fusion zone, the height of which over the tuyeres 
**'wild he determined by the amount of air blown in. and the fre- 
'I'lent'j- with which the blown products are withdrawn, varying 
''Kewisv with the eoiTi|ioaition of the charge. The products coidd l)e 
**'thdrawn by tapping, as with a common blast-furnace, the matte 
'feiijg i-iiii oft' from a reservoir below the tuyeres, where it would 
''P'l«ct. Being thus unacted upon and undisturbed by the blast. 
.'**ti matte, or even metallie copper, could be produced. By continu- 
es the oxidation and producing CujS, and some metallie copper, the 
^**M and silver would be found with the metallic copper." 

■^Van*. liis-l. Mln. & Met., Vol. VIII, 
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lu this last seutenee Hollway discloses that he wanted to make 
use of the well known Welsh process of bottom smelting; the con- 
centrating of silver, gold, and impurities in a small amount of 
metallic copper which, if separated from the white metal, would 
leave the latter remarkably free from impurities, thus facilitating 
and cheapening the refining process of the bulk of the copper. This 
well known property of certain metals and metalloids to form with 
copper saturation products, alloys, or 'solutions,' in preference to 
remaining in the Vhite metal' was made use of later by David in 
his ingenious selecteur or best selecting process of making copper 
bottoms in the converter, in lieu of the Welsh practice of doing it in 
the reverberatory furnace. He provided his converter with a 
pocket, in which was collected the copper reduced during the first 
10 minutes of blowing on white metal. This copper acts as a 
collector or seledeur for the impurities, like arsenic and antimony, 
tellurium and selenium, gold, and, to a lesser extent, silver. This 
small amount of copper (aggregatiifg about 10% of the total amount 
converted per charge) is tapped and leaves the rest of the copper 
reduced afterward (by continuing the blowing on white metal) re- 
markably pure and free from impurities. The importance of this 
practice for small works has been fully discussed by Paul David, 
Jannettaz, James Douglas, and others. 

To continue Hollway 's article: *4f desired, the products could 
run directly into suitable reverberatory furnaces, when, after the 
matte had settled, the slag could be run off while yet in a molten 
state, and in which the oxidation of the matte could be completed." 
Evidently it was Hollway 's intention to oxidize this matte or white 
metal by the then used methods of reaction smelting, by roasting 
a portion of the matte and having the dead roasted and partlw^ 
oxidized calcine (sulphates and oxides) react with the molten suL — 
phides, as was done in the well known Nicholls process. 

These quotations should prove conclusively that Hollway had m 
in mind the conversion of copper matte into blister copper, but thi 
he wanted to smelt raw pyrite in order to get the copper in it inl 
a more concentrated form, that of matte, which he wanted to colle^ 
in a hearth ** removed from the action of the blast." His expei 
ments are indeed interesting as being the first authenticated attem' 
on record at pyrite smelting. His logic was sound as far as tl 
well recognized facts were concerned, that sulphides can be raa 
to burn in air and the metallic sulphides consequently are natuc" 
combustible minerals, but he made the mistake of trying to co 
duct the two distinct operations of smelting and of refining (whi.<^'' 
the bcssemer process really is) at one and the same time and in 'tli^ 
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t apparatus. Starting with a pyrite ore, with 2 or 3% copper, 

and requiring the addition of Y^ to % ton nf silieiniis ore, the con- 

'■enlration of this small copj^cr content in the ori^riiial fnrnace feed 

inlet Mister copper would have required the handling of 60 to 100 

toils of material for every ton of iiopper. This present* miiny praeti- 

i.al difificultieH. unless the two operations of smelting and converting 

lire eonducted separately. lie approached this problem more as a 

liibnratory worker than ns a man who has practical knowledge of 

fiiruace operations. A parallel approaching Ilollway's work is 

f'niail in the Knudsen process, which attempts to smelt and convert 

'iiniillaneously. The Knndsen 'converter' is, however, lined with 

'»i«i;neaite. This process was at one time in operation at Sniitjelma, 

'^nrway, and was also tried at the United Verde smelter, Jerome, 

■V »-iiona 

Jleviewiiig briefly the essential features of the development of the 

"*=* Jiper converter, "it will be found that the idea of applying the con- 

^■^*1er to the conversion of copper matte occurred to several soon 

i^'tpr Sir Henry Bessemer's address at the Cheltenham meeting be- 

^•^"■•e the British Association on August 11, 1856, "on the manufacture 

"^ malleable iron and steel withont fuel." Gossage, Baggs, and 

l^<^ales secured patents to apply the process to copper matte in 

ISoij. Four years later, ITunter secured a similar patent. In 1862 

lW«> Glass and Lecere patents followed." In 1866 Peter von Rittinger, 

I'otler known through his extensive work on ore dressing, advocated 

'•>^ Hdo[ition of the Bessemer proi'ess to copper snlphides, and made 

'■X|icriments in Hungary, in 1S67, at the Schniollnit/ works. In 

'ffMtrrfiehe. %<-ihrhnfl fur Bfrff- und HiiUnurrsai, 1886. pages 68- 

' I. there is a description of his attempt to convert matte in the 

"■f^verberatory fnniaee by passing a pipe thrnngh the matte and 

''""»wing air through the molten bath. This 'Ziigutebringen der 

■^'■pfurrohleche dureh Verblasen deraelben nach Bessemer Art' 

' "eiiiifiRiation of copper mattes by blowing according to Besse- 

"'**r's priicessl met. however, with no more success than the previous 

"''"injits uf others, 

■'^lore successful was the work done at the Wotkinsk smelter in 

_*' Urals, in 18(i6. after Sememikow, a miumg engineer, and 

' ""oetor of the Bogoslovsk mining district, had proposed the appli- 

'*tion of the hesscmer converter to the blowing of copper matte to 

**ek copper. The blowing was, however, only carried to the white 

^^'tal stage, with 72 to 80% copper. The matte converted contained 

'-57r Cii, 25.3% 8. 3il.4% Fe. and the concentrated product had 

'^iillflin (1c la Serlofr' SriPTif. Indiistrlrlle de M:irsel]leB, 1901. pp. 7S-79. 
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the composition. 77.5% Cu, 19.3% S, 1.76 Fe. The slag amayed 
34.46% SiO^, 4.73% Al,©,, 3.06% CaO, 55.26% FeO, 2.13% CkiO, 
0.11% S, and metallic copper 1.7%. About 1300 lb. was handled 
per charge. An English type of the standard steel converter 
was used. This blowing operation, taking about 20 minutes time, 
obviated at least one roasting and re-smelting of the matte by a 
slow and tedious process, the white metal thus obtained by convert- 
ing being dead roasted and smelted to black copper in a reverbem^^ 
tory furnace.' The patents of Bath in America in 1866, of Dixon 
in England in 1869, of Gibb, Gelsthorp, and Tessie due Motay in 
1870, and of Lavoissier in 1874 evince the interest men gave to thni 
matter of devising a successful process for the bessemerizing of 
matte.^ In 1878 and 1879 Ilollway made his interesting experi- 
ments in pyrite smelting. 

In 1880 Pierre Manh^ and Paul David attacked the problem at 
the V^dennes smelter, in Vaucluse, France, of which Pierre Manhte 
was the owner, and David the engineer in charge. Fortunately, they 
did not know of the many failures that had preeeded their work, 
or it might have discouraged their efforts. They made their first 
experiments in a small steel converter, holding a charge of about 
110 lb. It had a wind-box in the bottom, and the tuyeres were 
vertical, thus admitting the blast into the molten metal from the 
bottom. They began with a matte containing 25 to 30% copper, 
which was first melted in a reverberatory furnace. The lining was 
mad(^ of sand. Tho operation wont along nicely until the matte had 
been concentrated into white metal. Then, after the tuyeres had been 
cleared, there was a violent boiling and foaming of the charge, and 
a portioTi of the charge was thrown out. It is quite possible that the 
slag had not been removed and that when blowing on white metal 
began, the well known phenomenon of * foaming' was the result. 
This takes place when the white metal is blown with the slag still 
covering it. As the oxidation of the white metal proceeded, and the 
copper was thrown down, being immediately above the tuyere 
orifices, and having no heat producing impurities to give off, it 
chilled. The tuyeres clogged, and the blow came to a premature 
end. Variations of the copper and iron content of the matte had 
no appreciable influence on the result. 

But Manhes and David were not discouraged by these first fail- 
ures. They soon discovered that the chief difficulty appeared to be 



*Berg- und Hiitteiiinannische Zeitung, 1871, p. 7 et seq. 

*P. David. Bulletin de la Soci^td Sclent. IndustrieUe de MarseUles. 1901, p. 
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clogging of the tuyeres by the chilling wf copper, which cut 
' from (he superimposed white metal the wind supply and thus 
•flopped the blowing operation. Tht^y exchanged thi' vertical tuyeres 
for hurixontal ones, placed a few inches above the bottom of the 
coDVorter. The wind-bnx was changed into a hollow ring which 
supplied the blast to the different tnyerca. This arrangement ia 
simitar Ur the one nsod later on blaKt-fnrniices instead of the bustiB 
(»ipe and tn.vere pipes, the main delivering the air into this wind- 
bo.T, this type of furnace haviiit; been used at Bisbce at one time 
(1!K)2-1903), With this construction they overcame the difficulties 
first encountered, the copper remained liquid until the entire charge 
wa^ blown, even in this small apparatus. 
F In view of Hollway's work and that of Manhea and David, it ia 
^ntgnificaut that the latter two started with matte, recognizing from 
^tiie start the essential differences between a bessemerining operation 
«id a purely smelting operation, starting with raw ores. Another 
departure they made from steel bessemerizing is that they initially 
intended to have the sand lining furnish the silica required for slag- 
ging the iron, whereas Hollway painstakingly tried to avoid the 
attack on the gannister lining of the converter by attempting an 
impossible silieious slag. Since the extent to which iron and silica 
'■iimbine with each other in the acid copper converter is left to the 
free disposition of these two substances, the natural slag is a basic 
'me, and for this reason a basic lining is the successful lining of the 

(copper converter of today. 
After these preliminary trials, conducted over a period iif one 
year at Vedennes, the process was introduced on a larger scale at 
Kguilli-s. near Sorgiies, Vancliise, Tlie new works consisted of 
rlirey MaBt-fumaecs, two reverheratories, and three converters. In 
1884 the plant was increased to five blast-furnaces, two reverberator- 
'*"**- sis converters, and two refining furnaces." As a variety of 
'iiHtles had to be treated (mattes high as well as low in iron and 
'■orreapondingly low and high in copper), with the variety in enstom 
"*'*^ii handled and treated, it frequently happened when blowing low- 
?»'a(]p matte that the enriched matte or white metal would be b^lnw 
"*" tuyeres, wi that the blowing was on slag, and the charge could 
"* be blown to a finish, yielding copper. This difficulty was first 
^"^ivonic by removing the enriched matte or the white metal to 
""ther converter and finishing the blow in that manner. But it 
!"*»"-i led to the adoption by Paul David, in 1885. of a cylindrical 
'^*'U, of converter that cuidd be turned around its central longitudl- 
"" axis. With this couatniction the relative position of the tu.veres 
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could be changed (raised or lowered), so that a variety of mattes 
could be blown in the same converter and in one operation. It 
also reduced the blast pressure needed. It is this cylindrical form 
of converter that was introduced at Livorno, Italy (known as the 
Leghorn converter), and adopted later by the Copper Queen Con. 
Mining Co. for its Bisbee works. 

Soon after success had been achieved by Manhes and David at 
Vedennes, the Societe de Metallurgie du Cuivre (procede Pierre 
Manhes) was formed to exploit the process. Vemis, who had for- 
merly worked at the Eguilles works, built and operated for one year 
the first converters in America, those of the Parrot Silver & Copper 
(Jo., at Butte, Montana. Franklin Parrel, of course, was instrumen- 
tal in introducing the process in the United States, and deserved 
the credit of 'pioneering.' This is all the more creditable, because 
the Anaconda was then, as it is now, the largest copper producer 
in Montana, its production then being nearly 50% of the total state 
production, whereas that of the Parrot works was materially less. 
The Parrot works was the only works which at that time 8hipj)ed 
black copper, or blister copper, the other works shipping rich matte. 



COLLAR PULLER FOR CONVERTERS 

By L. O. Howard 
(May 17, 1913.) 

All important feature of converting practice is the keeping open 
of the mouth of the converter. The material thrown up by the vio- 
lent agitation caused by the blast is thrown up through the open 
mouth, where, through cooling, it becomes attached and gradually 
builds up 'noses' or * collars', which if allowed to grow unchecked 
will in time completely close the opening. This difficulty is espec- 
ially marked in the operation of the basic lined converter, since 
the pres(M-vati(m of the lining requires that the temperature be kept 
moderate. The best method of dealing with these accretions is to 
remove them as fast as they form, thi» common practice being to pull 
away the criists with a hook operated by the crane, the converter 
being tilted at an angle of 45°. Another device has been perfected 
at the converting plant of the Old Dominion C. M. & S. Co., at 
Globe, under my direction. This is shown in the accompanyia^ 
illustration. 

After giving hooks of different shapes and sizes a thorough tri^ ^- 
at the Old Dominion plant, it was decided that they were imprac^i v' 
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cable, and experiments were made along other lines. Lee Young, one 
of the converter foremen, suggested using a heavy bar hung hori- 
zontally in such a manner that when dropped through the mouth of 




the converter the ends wmdd catch under the jirojeeting eniNts mid 

remove them. 

When a rim is to be pulled, the cutter is picked up by the crane 
SDd dropped tail first through the mouth of the converter. The cut- 
™g end is worked into position where the bite is to be made, and a 
"^i\ taken with the crane, thus lifting the tail end until it comes into 
^Itaet with the opposite side of the converter and forcing the cut- 
'^ fe tool into the eollar. A steady jiull with the crane will draw 
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the tool through the mass until near the top, when the collar bn»aks 
and comes away easily. 

One strong point in its favor is that the steel cutter easily tear« 
through the heaviest collar without lifting the shell from the rolls - 
A bite at any angle may be taken and a greater or less amount oi 
material removed at will. Fifteen or twenty minutes work ea**^^ 
shift is sufficient to keep the shell open to any size required. 



OPERATINO COPPER CONVERTERS BY ELECTRIC HOTO] 

By G. B. Rosenblatt 
(May 17, 1913.) 

. The use of electricity for operating copper converters is comlMi/or 
more and more into vogue in progressive smelters throughout t li<* 
West, supplanting to a great extent hydraulic operation which uscvJ 
to be the rule in the old days. Electric driving has proved so satis- 
factory that many installations have been made with converters of 
all sizes. The largest converter at present electrically operated if* 
the one of 250 tons capacity recently constructed at the Great Falls? 
plant of the ^Vnaconda Copper Mining Co. The converter proper, 
not including bearings and gears, weighs about 65 tons, and will 
take ai)proximately 50 tons of charge. This converter is to be 
operated by a 100-hp. Westinghouse, type *MC^ direct-current 
motor. 

The first converters to be electrically driven were ecpiipped with 
direet-eurrent motors, but an entirely satisfactory alternating-cur- 
rent motor has now been developed for this service, and a number 
of installations of this type have recently been made which have 
})royed entirely satisfactory. With eitb<»r direct or alternating-cur- 
rent motors, the most approved practice is to gear the motor to a 
jaek-shaft v.hieh in turn drives the large gear on the converter 
proper through a worm-gear. This prevents any sli[)page and elimi- 
nates the i)ossibility of the converter pulling the nu)t()r past any 
position desired. Motors for this work are usually totally enclosed 
so as to make tlieni dust-proof, but in some of the more modern 
installations it has been the practice to install the motor alongside 
the converter in a sheet iron housing of its own, in which case, 
while there is no disadvantage in having a totally enclosed motor, 
absolute dust-proofing is not altogether necessary. The accompany- 
ing illustration, ¥\g. 138, shows a barrel-type converter with basic 
lining, at the ])lant of the Interiuitional Smelting & Kefining Co. at 
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u the Bmootbuess of the motion. The converter starts yently, with- 
out halt or jar, aud this is boimd to increase materially the life of 
ths lining. Smoothness of operation is of particular importance 
*'lli qwartz-lined converterB, but is not to be disregarded in the 
"PSfation of basic-lined macbiites. The smoothness and ease of 
motor control also obviates much of the danger from the splashing 
of mohen charge within the converter. An electric brake is usually 
flttaciied to the motor, and is applied Hiitomatieally whenevir the 
Ciin-eiit U shut off fn.ni ihe Tiiutor. It holds Ihe fioiive 
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even hi case of failure of power, and inakiia an fulirely satisfactory 
accessory. 

Motors for couvertt^r si-rvii-c are usiially built with some special 
charaeteristics. Absolute reliability is of prinn- iniportaiiee, as the 
converter operation must not be interrupted. To secure this, a 
strong and rugged construction is employed similar in many re- 
spects to that employed for motors used in steel niiUs. A hisli 
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overload capucity is provided to take eare of emergencies, and tin' 
installation is designed to withstand high temperature, so that bvctv 
a splash of molten metal from the converter mouth on the moto^ 
will not burn it out. Totally enclosed dust-proof construction *^' 
recommended, but is not an absolute requirement when a separ**^ 
housing is used over the motor. Ease of inspection or repair in c^-* 
of some accident should be given great consideration, and th<?* 
motors for converter service" are therefore usually bnilt so that »■ 
part can be quickly and efficaciously removed and substituted. 

The best practice is to equip the cranes for charging and handli »^ 
the converter with the same type of motor equipment that is nsed * 
operate the converter proper. These motors on the cranes are si*' 
jeeted to much dnst, fumes, and high temperatures, so that t*' 
rugged construction of the converter motor ia not at all ont of pla<?^ 
Further, the use of identical motors on the crane and on the 
verter simplifies the matter of Kpare parts, an advantage by no mea"- 
to be overlooked when the absolute ueeesaity of keeping thin 
moving is considered. 
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BHinSSAL LOSSES IN OASES AND FUME 

% 
By F. G. COTTBKLL 

(March 30, 1912.) 

*In considering the mineral wastes passing out of the stacks of 
<>nr smelters and metal refineries, distinction must l)e clearly made 
i>**tween the gases themselves and the clouds of suspended solid and 
lic|nid particles which they mechanically carry along with them. In 
^vhich class a material belongs often depends, to be sure, on tempera- 
ture. Many metallic compounds arc actually vaporized in the fur- 
ii«ces and gradually condense from gases into clouds of solid 
P^irticles with the progressive cooling of the gas streaming through 
tKe flues. Arsenic in the form of the trioxide is usually the last of 
tliese materials to condense, since even down to 150°C. its vapor 
tension is sufficient to permit the loss, in the gaseous state, of several 
^ons per day for the largest plants. But below, say 125°C., for 
^^dinary technical purposes it may be considered that the only im- 
t^c>rtant element in the gaseous state is sulphur, in the form of 
^^i oxide. 

For many centuries the material nature of gases and the fact 
*^ at they actually possess weight escai)ed the chemist. p]ven today 
*^ distinct effort of mind is required to sense the vast tonnage of the 
^**^uds to be seen floating away so lightly from smelter and power- 
^*->U8e stacks. There are many single stacks in this country, from 
^^ch of which over five tons of gas issue per minute, while in 
^**folated instances this is exceeded several-fold. 

Aside from carbon, the element which is lost in the greatest ton- 
*^^ge is unquestionably sulphur. Many of our Western ores will 
^^^n from 25 to nearly 40% sulphur, and a plant smelting 1000 tons 
^^ ^ ore per day is at present considered to havc^ a V(»ry moderate 
^^^pacity. The largest plants will easily touch the 1000 mark in tons 
**^ sulphur passing up their stacks when at full capacity. On stop- 
5^>:iig to think that this represents three thousand tons of concen- 
^^^ted sulphuric acid, were it made into such, and that one such 
P^iint coidd have supplied all the a(»id used in the whole phosphate 
^^flustry of the United States a year a^o, it is easier to appreciate 
^*>€ skepticism of the smeltrr cimipanies regarding acid manufacture 
''^H a general solution (d* the sulphur fnm*' pr(d)leni. The disposal 
^^f this sulphur presents uncjuestionably the gravest problem con- 
fronting the metallurgical industry today. 

^Abstract from the Journal' of Industrial Engineering & Chemistry^ 
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Suggestions have not been wanting for methods of direct absorp- 
tion of this gaseous sulphur dioxide by water, limestone, lime, or 
charcoal, either as a means of final disposal, or as a step in its con- 
centration and final liquefaction under cold or pressure. One of 
the most ingenious and attractive is that it be used for decomposing 
fine granulated and moistened slag,^ thus fixing the sulphur in harm- 
less compounds and, at the same time, leaching out any metal still 
held in the slag. While many of these are perfectly practicable 
on a laboratory scale, the tonnage to be handled and the cost, either 
in first installation or operation, have prevented them from produc- 
ing any practical results up to the present. 

Prom a chemical standpoint, the other obvious alternatives con- 
sist either in oxidation to sulphuric acid or reduction to elementary 
sulphur. Of these two, the first has the advantage of requiring no 
additional substance save the oxygen of the air, and of running 
itself, when properly catalyzed, without need of external energy, 
but unless an immediate market is at hand for the sulphuric acid, 
its disposal in turn becomes difficult and often impossible. 

The greatei^t consumption of sulphuric acid in this country to- 
day is in the manufacture of superphosplfate fertilizer, but, until 
very recently, the chief demand for fertilizer has been in the South- 
ern and Atlantic states; here, too, were the chief known deposits of 
phosphate rock, while, on the other hand, the great smelting industry 
is for the most i)art in the far West, and cut off by high transporta- 
tion (^osts. The recent discovery and description in Idaho, Wyom- 
ing, and Montana, of what promise to be the largest phosphate de- 
posits in the world, will, it is hoped, materially change this condition. 

Much of the land in the West is still practically virgin soil ; where 
croj)s are falling off. the reason for this and their relations to diflfer- 
ent kinds of fertilizers to tillage and crop rotation, are still so much 
in disinito that in trying to build a rational and permanently help- 
ful phosphate industry, the facts must first be thoroughly estab- 
lished from the standpoint of agriculture, manufacture, and trans- 
I)ortation. At present, these are not available to any extent justi- 
fying an immediate general development of the phosphate industry 
in the West ; but cooperative work, aimed at a broad and practical 
study of these conditions, is already well under way between the 
r. S. Department of Airrieultun*. th(» Agricultural Experiment 
Stations of various Western states, the IJ. S. Bureau of Mines, and 
the large metallurgical interests of the West, and it is hoped that 

'The Westby-Sorensen Process/ K. P. Jennings, Eng. and Min, Jour,, 86, 
418-19, August 1908. 
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the results may soon justify and lead to a healthy development oi 
the industry. 

An encouraging example is before us in the work already accom- 
plished by the Tennessee Copper Co. at its plant at Copper Hill, 
Tennessee. This company is successfully treating the weak gases 
from copper blast-furnaces on a scale for which many predicted 
failure, and which certainly did require time, courage, ability, and 
indefatigable effort to perfect. The very difficulties and delays 
which the work had to encounter have in one sense been a help to 
the industry, as the present annual capacity of 250,000 tons of 
chamber acid has been gradually reached over a period of some 
years, and while it has materially reduced the price of acid in the 
South, the market has had a chance to adapt itself with the mini- 
mum of hardship to those already in the field, and with great gain 
to both the metallurgical and agricultural communities. Although 
much may undoubtedly be done, not only to increase the consumption 
of sulphuric acid in superphosphate manufacture, but also in de- 
veloping other and newer uses, still the chemist should not rest 
content with this. 

I have considered so far only the results of oxidation of the sul- 
phur to dioxide. On the other hand, it may also be reduced to ele- 
mentary sulphur, for which purpose a number of methods have been 
proposed, some depending on the action of solid carbon or of 
carbonaceous reducing gases, while others use hydrogen sulphide 
generated by the action of steam or acids on alkaline or metallic 
sulphides. An interesting general discussion both of the possibilities 
and the limitations of these methods together with some ver>' sug- 
Ifestive new facts- has recently been attracting considerable atten- 
tion and may not improbably lead to practical results, at least in 
certain special cases. 

This naturally leads to the inquiry: '*Why should all the sulphur 
of the ores be oxidized in the first place?'' This question comes 
home still more forcibly on looking through the charge doors of a 
Pyritic copper blast-furnace shortly after a fresh charge of ore has 
heen dropped on the column and seeing the great clouds of un- 
bnrned sulphur subliming out from the charge itself and burning 
above it, while all the heat thus produced is wasted. If copper 
Mast-fumaces could be run with gas-tight tops, as is the case with 
iron blast-furnaces, and full utilization of the air blown in the lower 
part of the charge column, it certainly seems as though a far better 



"The Thlogen Process for Reduction of SO3 in Smelter Fume/ S. W. Young, 
Mining and Scientific Press, 103, 386,387, Sept. 23, 1911. (See p. 269.) 
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thennal efficiency should be attainable, besides the possibility of 
delivering a very considerable proportion of the sulphur of the ore 
to the flue in unburned form, either as a gas or olond of flowers of 
sulphur, depending on how cool the top of the ore eolumn could be 
maintained. 

That such a mode of operation is not entirely impossible is cur- 
iously evidenced by the fact that the flrst p3rrite copper blast-furnace 
ever run' was operated under these very conditions, the run finally 
terminating, after a few hours, by so much free sulphur accumulating 
in the flues as to stop the furnace. In this classic article of John 
IlollwayX particular stress was laid upon the recovery of the sul- 
phur, but the development of smelting practice soon began to follow 
other aiips. It was naturally in the hands of the copper men, and 
sulphur did not so directly interest them. Then, too, in the far West, 
where pyrite smelting was first carried on successfully on the large 
scale and where even today probably 90% of it is still practised, the 
limited market for sulphur and the high cost of transportation and 
low value per ton, as compared with copper, have naturally in- 
fluenced metallurgical development to strain for the greatest degree 
of economy in copper production, with absolute disregard for sul- 
phur as a by-product. 

In working the vast tonnage of low-grade sulphide ores of the 
West, efi^ort is concentrated on burning out and slagging oflF the 
maximum amount of iron in the blast-furnace in order to produce 
as high a percentafre of copper as possible in the resulting matte, 
as it is much more expensive to bum out a pound of iron in the con- 
verter than it is in the blast-furnace. This greater cost is due chiefly 
to two items; the cost of the refractory linings, and the greater 
power-consumption due to the higher pressure of air in the conver- 
ter. Ilollway looked on his blast-furnace simply as a means of 
meltinp: the ore into low-grade matte, the remaining iron of which 
might then be burned off in some of the then well known processes 
or in a converter, which he was also the first to use in copper 
metallurgy. 

In copper smelting, it has been the cost of converter practice which 
has led to crowding as much of the work of oxidation upon the 
blast-furnace as j)()ssible, and this insures the burning up of all the 
sulphur instead of recovering a good portion of it. Within the last 
few years, one of the two items of converter cost, that of linings, 

Mohn HoUway, *A New AppHcation of a Process of Rapid Oxidation by 
Which Sulphides Are Used for Fuel.' Jour. 8oc. Arts, London, 27, 24S-270, 29^ 
296, 488-495, 606-607, 728-730. (See p. 201.) 
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has been greatly reduced by the practical development of basic lin- 
ings, so that today this factor is rapidly becoming almost negligible, 
and all that stands in the way of shifting most of the work of oxida- 
tion from the blast-furnace to the converter is the cost of the high- 
pressure air (10 to 15 lb. per square inch as against 3 lb. for blast- 
furnace) required to force its way in against the hydrostatic pres- 
sure of the deep liquid bath in the converter. If a mechanically 
more efficient way of mixing this air with the molten matte in the 
converter could be secured, it would mean the opening of a new 
chapter in metallurgy. 

Even with the greater cost for air, the relation between blast- 
furnace and converter operations is already steadily changing in 
the sense of taking a lower-grade matte to the converters, and this 
in turn may be expected to react in a study of the blast-furnace from 
a somewhat diflPerent point of view than has hitherto obtained. 

The copper blast-furnace is today confessedly one of the crudest 
appliances of engineering practice, and we know with less certainty 
the mechanics and chemistry of its inner workings than of almost 
any other apparatus of equal industrial importance. The slow de- 
velopment of a really fundamental scientific basis for this field of 
metallurgical engineering has undoubtedly been due in great part 
to the exceptional difficulty, if not impossibility, in this particular 
subject, of interpreting small-scale experiments in terms of fnll- 
scale operation, and the great expense of full-scale experiments. 

Another reason for metallurgy having lagged behind other 
engineering branches is perhaps to be found in the fact that com- 
mercially it has usually been pursued as an adjunct to the private 
ownership of some natural resource. If the mine were a rich one, 
the ultimate economies of smelting practice were apt to be over- 
shadowed by the more immediately attractive study of increasing 
tonnage; if, on the contrary, the low grade of the ore made careful 
smelting necessary, the company felt it could seldom afford to ^o 
into expensive experiments for radical developments of the art, but 
^ust stay close to standard practice and make its imi)rovements 
on minor details. 

Even if elementary sulphur were produced, its present consump- 
tion outside of sulphuric acid manufacture is too small to be at all 
significant, but it at least has the advantage over acid of permitting 
safe accumulation and storage to an unlimited extent, as illustrated 
^y the practice in Louisiana, where it is cast into blocks some 200 ft. 
square and 60 ft. high. What is really most needed for the solution 
of the sulphur fume problem is the diccovery of new uses and a wider 
extension of existing uses for both eh^mentary sul\)hur and s»v\\v\\\\t\v 
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ai(iid. Cbemists have become accustomed to looking at sulphur al- 
taost exclusively from its chemical aspect, but if it is ever to be 
utilized in anything like the proportions in which it is now being 
thrown away, it would be well to consider possible mechanical uses, 
as, for example, a binder for sand or wood fibre. Experiments on 
the manufacture and use of drain tile made of such material are at 
present being carried out in the West, where the recent rapid de- 
velopment of irrigation is constantly bringing new and special de- 
mands for material of construction. 

If metallic sulphides are dissolved in molten sulphur, its toughness 
and other mechanical properties are greatly improved, as first 
pointed out by J. B. Spence.* A detailed study of this product from 
the standpoint of structural materials has long awaited the investi- 
gators and seems much to be desired. If a sufficiently large and per- 
manent outlet for sulphuric acid, on the one hand, and elementary 
sulphur on the other, can be assured reasonably near the sources of 
supply, the metallurgical industry itself can be safely relied upon to 
meet the demands and find the way to supply them. 



DUST EXTRACTION FROM SMELTER SMOKE 

(July 23, 1910.) 

The problem of precipitation of dust from smelter smoke has en- 
gaged the attention of metallurgists for many decades, and it sUV\ 
offers opportunity to trained investigators. The staff of the Copper 
Queen Consolidated M. Co. at Douglas, Arizona, under the direction 
of G. B. Lee, the smelter superintendent, has been conducting a series 
of experiments for the purpose of determining the conditions under 
which the solid matter in the smoke may be precipitated and r^* 
covered. The details of this study will soon be available in a pap^^ 
to be published in the Bulletin of the American Institute of Mini*^^ 
Engineers. The effect of temperature, expansion of volume, velacit:-)' 
of the gases, and the like, have been carefully investigated, and ^" 
enormous amount of data accumulated. The experimental plant *" 
which these observations were conducted consists of a 6-in. pif^^ 
running up the side of the stack, and turned by elbows so as to tal^^ 
the gases from the centre, an exhaust being so applied to this pit^^ 
as to secure an accurate sample, leading the fume away at the sai^* 



*'A New Metallic Compound' (Spence's Metal), Granville Cole. Jour. 8(?^^ 
Arts, London, 28, 225-229 and 279, Feb. 13, 1880. See also Thurston's 'Materl^ 
of Engineering*, Vol. Ill, p. 205. 
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velocity as that at which it rifles in the stack. Chambers provided 
With ineans for observation of temperature, pressure, etc., receive 
the giLses below* These lead to an experimental bag-house. The 
immediate result of the work done at this plant has been a decision 
to enlarge the existing dust-chamber* At the Copper Queen smelter 
the dust-chamber depends upon volume rather than length for effi- 
ciency, and is not provided with baffle-walls, nor with means to in- 
crease friction by extension of the surface-area in contact with the 
gases. The flue opens directly into a wide high chamber, which 
becomes narrower by successive steps toward a short flue leading to 
the stack. Thus the advantage accruing from the chamber is that 
due to expansion. The chambers are merely being enlarged in their 
horizontal dimensions. 

The amount of dust mechanically carried into the atmosphere 
through the stack of the Copper Queen smelter is large, and its re- 
covery is entirely an economic measure. The precipitation of the 
sulphuric anhydride does not enter into the problem, as there is no 
contest with the farmers at this point. The agriculturists at Doug- 
las seem to be as content to have the smelters in their midst as are 
the farmers of New Jersey, who abide in peace with their metal- 
lurgic neighbors. In fact the situation at Douglas is unique. The 
diurnal variation in temperature is normally great, and at certain 
seasons the change is so severe as to prove fatal to agriculture. The 
smoke from the smelters, however, spreads a gaseous mantle over 
the valley which opposes the radiation of the heat absorbed by the 
^arth during the day, thus rendering possible the utilization of a 
^^^nsiderable area for raising a large variety of crops which formerly 
^culd not be grown at all. 

The Calumet & Arizona smelter, situated near the Copper Queen, 
^^ the outskirts of Douglas, has also taken in hand the problem of 
'"^covery of the fine dust which fails to settle in the dust-chambers. 
*^ Uiust be said that at neither smelter has the provision for arrest 
^^ dust been as elaborate as that at the majority of large smelters, 
^'^d the temperature of the gases in the stack is relatively high, 
^^ing to the short travel from the furnaces and to the small dilu- 
^loxi with air. The Calumet & Arizona is just installing an experi- 
f^^^tal apparatus for dust recovery, the elements of which are shown 
^ the accompanying sketch (Fig. 35) in vertical section. The 
^^es are led to the apparatus through the flue D, which connects 
^^<ientrically with the settling cylinder R. Within this cylinder, 
^^ich is 12 ft. diam., is another cylinder set concentrically, ex- 
Pending from a diameter of 6 ft. at the top to 8 at the bottom. 
This produces an annular chamber J J. When the gases enter 
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Fio. 35. Dust Extraction at Calumet ft Abizona Smelter. 



this on one side they are ^iven a rotary motion as they sweep 
around the inner evHnder R. On passing below the open mouth 
of the inner eylinder C they eome into an expanded area, and thus 
their velocity will be checked. The reduction of velocity is aided 
by the opposition of a series of vanes, V V, projecting 1 ft. inward 
from the shell of the outer cylinder R. The dust that falls will 
be drawn into bins through the valve P, while the gases will issue 
through C to the flue F. A similar dust extractor was applied to 
the gases issuing from an iron blast-furnace in the East, and is 
said to have given good results. The new appliance will soon be 
in operation at Douglas, under the direction of James Wood, the 
smelter superintendent. The plans were drawn by A. J. McDermott, 
assistant superintendent, and James A. Potter, civil and mechanical 
engineer to the company. 
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SHASTA COUNTY SMELTER.FUME PROBLEMS 

(March 8, 1913.) 
By J. Nelson Nevi uh 

le object of this trip was to obtain at first hand for the Cham- 
f Mines and Oil information on both sides of the controversy 
en the smelting companies and the agricultural interests in 
a county, California, and the following report embodies the 
nation given me by the respective parties. I was most cor- 
y received, both at the smelter and by T. W. H. Shanahan, 
ley for the Shasta County Farmers' Protective Association, 
ly questions were answered freely by both parties, 
en operating under normal conditions, the Mammoth Copper 
g Co. operates three blast-furnaces, .each having a capacity of 
ximately 400 tons of charge, or a total of between 1100 and 
tons of charge. The ore is massive iron sulphide, containing 
copper sulphide, and ranging from 3 to 5% in copper, with 
gold and silver. The object of the bag-house system is to 
late all dust or solid matter from the fume, and also to elim- 
entirely the sulphuric acid gas (SO3) and to reduce the 
le of sulphurous acid gas (SO2) to less than three-quarters of 
er cent, in order to comply with the conditions imposed by 
>urt. 

way of explanation it should be said that SO3 unites readily 
atmospheric moisture and forms sulphuric acid. The SOo, or 
irons acid, is a pungent odor familiar to all in the burning 
ulphur match, and is less active than the SO3, though capable 
maging vegetation. The solid matter, or dust, is a whitish 
;r, weighing about 13 lb. to the cubic foot, and has a})proxi- 
V the following chemical composition : 

Per cent. 

Arsenic 4.3 

Zinc oxide 4.8 

Zinc sulphate 47.2 

Gold, oz 0.03 

Silver, oz 4.08 

total amount of metallic zinc ranges from 20% upward. In 
iust the arsenic is the chief objectionable element, but it is 
laimed that, by settling on foliage, the dust mechanically re- 
vegetable growth. 

m a report made to the Board of Directors of the Los Angeles Cham- 
Mines and Oil. 
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Formerly the fume containing the acids and this dust escaped 
mto the atmosphere and caused damage to vegetation. Under the 
bag-house system, all the fume from both the blast-furnaces and 
converters is taken at the base of the former smokestack in four 
round pipes, 8 ft. in diameter and about 100 ft. long. These convey 
the fume to a square flue 15 ft. in diameter and about 120 ft. long. 
The fume is thence conducted to two fans, built by the American 
Blower Co., each being 11^2 ft. in diameter and driven at 300 r.p.m., 
requiring 400 hp. each. The form of these pipes is merely a matter 
of convenience and economy, and would be subject to variations at 
any other plant, as the topography might require. The fans form 
the suction to draw the fume from the smelter and force it into the 
* fan-discharge chamber,' whence it is led into a series of round 
cooling pipes, 4 ft. in diameter, of which there are 45, arranged in 
9 series of 5 pipes each, contained on a rack 180 ft. long. The gas 
thus travels through 900 ft. of cooling pipes at a rate of 2700 ft. 
per minute. These pipes discharge the gas into a * distributing 
chamber' 15 ft. square and 220 ft. long. The gas is still too hot to 
go to the bags, so cold air is blown into the top of the 'distributing 
chamber' through twelve 24-in. pipes leading from a larger supply 
pipe above, and supplied by a special fan. The temperature of the 
gas on reaching the distributing chamber is about 130°C., and 
sufficient cold air is blown in to reduce the temperature to 93°C. 
The cold air has the further eflPect of diluting the gas. At the fans 
the temperature of the gas is 280°C., consequently the. loss of tem- 
perature in the cooling j^ipes is 150° Centigrade. 

From the distributing chamber the gas is led to the bag-house 
through 5 apertures, each of which is under independent control, 
and leads to one of the 5 bays, or compartments, of the bag-house. 
The bag-house is 220 ft. long and is divided into 5 bays; there are 
4 divisions in each bay, each with a hopper for the removal of the 
dust. The bags are specially woven of pure wool, 18 inches in 
diameter and about 34^/4 ft. long. These are set 21 in. apart, centre 
to centre, and there are 5 rows of bags to each hopper, making a 
total of 2960 bags. These bags are suspended vertically from a 
series of racks, the lower end being fastened in the floor, througli 
which the fume enters, and the closed top tied to a short arm whichi 
IS a part of an apparatus designed by J. E. Egleston, engineer for 
the smelter, and operated by electric motors, by which a vertical 
shaking motion can be given the bags. At fixed intervals the fume 
iS cut off from the bays, the motor turned on, and the bags shaken 
fertically, causing the dust to fall into the hoppers below. Orig- 
'nally the dust was removed from the hoppers dry, but the im- 
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palpable powder was so distressing to the workmen that a wooden 
trough was built below the hopptr, as shown in the accompanying 
sketch, so that tlio dust now falls in water and is drawn off in tanks 
and settles. It is interesting to note that the dust already aeennni- 
lated contains snfliicieiit lead, 7.inc, gold, and silver to more than pay 
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for the cost of the bag-house plant, but that as yet no method bus 
been found by which these metals can be eeonomically recovered. 

The fume enters the bags through their lower ends, under pressure 
from the fans, and filtering through their sides in the closed bag- 
house, escapes at the roof through 5 large stjuare towers, which 
distribute the gas to the atmosphere in a much less concentrated 
form than if it escaped from one flue. The hag-house is open along 
the sides of the floor and roof to admit free air to dilute the SOj. 
The action of the apparatus is as follows: The ore from this mine 
contains considerable zinc sulphide, which, in the blast-furnace, is 
changed to zinc oxide. The zinc oxide has a strong afliuity for 
SOj, and unites with it to form zinc sulphate. In the ease of this 
particular smelter, there is sufficient zinc to completely neutralize 
the SO,, but to be certain that none of this gas escapes, hydrated 
lime is introduced at the fans, at the rate of about 30 lb, per hour, 
which neutralizes any SO3 escaping the action of the zinc oxide. 

At the distributing chamber a minature bag about two feet long 
is operated, from which samples are taken every two hours for 
purposes of testing for the presence of 30^. The SOj is neutralized 
simply by the addition of air to the fume, and reduced below the 
requirements of the court, which, as already stated, is 0.75^. I 
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was informed that the escaintiir i^ns varii^a from 0.4 to 0.6 
volume. The solid matter, or dust, is filtered out by the bags a^ 
entirely removed. It is the custom of the company to keep ve 
full and complete records of the results obtained by the enti^ ■ 
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apparatus, and it claims that the result is as follows: (1) That the 
escaping gas contains from 0.4 to 0.6% SOg by volume; (2) that it 
contains no SOj; (3) that it contains no dust. 

It is interesting to note that one day's operation showed that the 
volume of gas passing the fans in 24 hours operation was 333,000 
cu. ft. The volume of cold air introduced was 23,000 cu. ft. This 
was in winter, when the outside air was cold. In summer the volume 
of outside air introduced may run up as high as 125,000 cu. ft., the 
reduction in the volume of gas being due to cooling. The volume 
of gas filtered per minute per square foot of bag surface was 0.631 
cu. ft. The amount of dust accumulated in 24 hours varies from 
12 to 15 tons, and averages about 13 tons. The gas escaping into 
the atmosphere carries a little carbonic acid, and an excess of 
nitrogen, in addition to the sulphurous acid. Tests for the presence 
of sulphuric acid gas (SO3) are made every two hours at the minia- 
ture bag attached to the distributing chamber. So long as these 
tests show a deficiency of acidity, it is impossible that SO3 is 
escaping. Furthermore, tests have shown that the texture of the 
bags will show depreciation within a few minutes if any SO3 comes 
in contact with them; but the above tests are made and the record 
kept for the company's protection in case claims may be made of 
anyone having sampled the outside air and detected traces of SO3. 
The bags cost about $6 each, and their life is from 18 months to 
2 years. 

On December 14 I interviewed T. W. II. Shanahan, attorney for 
the Shaata County Protective Association, who pointed out that 
great damage can be done by smelter fumes, without its being ap- 
parent at any particular place or time; that is, it may retard the 
jrrowth of orchards without killing the trees; also, it may retard 
the development of the size of the fruit, thereby reducing its value ; 
also that damage done is cumulative — a small amount of damage 
(lone day after day finally assumes serious proportions; also that 
the small, almost intanjrible damas^e, is very difficult to demonstrate 
lejrally. He explained that on bein*? retained by the farmers and 
looking into the subject in general, he found that the United States 
Smelting Co., operating at Midvale, Utah, had been closed down by 
the courts on account of damage done by smelter fumes, and that 
the company, after making certain agricultural experiments, had 
petitioned the court to be allowed to operate, provided it eliminated 
all SO3 and all dust from the fume, and reduced the SOo to less 
than 0.75% by volume, at the same time so diffusing the gas that it 
did not damage vegetation. The petition was granted by the court. 
The United States Smelting, Refining & Mining Co. is the interest 
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controlling the Mammoth smelter, and Mr. Shanahan secured an 
order from the court that Shasta county smelters must either equip 
themselves to fulfill the following conditions, or shut down, being 
given a certain length of time in which to obey its mandate, which 
provided as follows: 

1. That all free sulphuric acid shall be removed from the fume, 
by the application of zinc oxide or some other neutralizing agent, 
before reaching the bag-house. 

2. That all solid matter shall be removed by the bags in the bag- 
house. 

3. That after the neutralization of the free sulphuric acid, and 
the removal of all solid matter, that not to exceed 0.75% of sulphur 
dioxide (invisible gas) in volume, shall be permitted to escape into 
the atmosphere. 

4. That only the amount of sulphur dioxide be permitted to 
escape into the atmosphere, as not to damage complainants; or com- 
plainants' crops, trees, or vegetation; or do any injury to their 
live-stock ; and so as not to cause any discomforts or inconveniences 
to the complainants or any members of the families of any of the 
complainants. 

Thus it id apparent that unless the Shasta county smelters op- 
erate in conformity with the court's decree, they are immediately 
in contempt of court, and it is not necessary for the farmers to 
prove any actual darnaj^c done, it beinp only necessary for them 
to show that the court's order is not being obeyed in order to 
close any sineltc^r. The ^lanimoth Copp(^r Mining Co. protected 
itself by construct inir the ba^-house at a cost of about $250,000, and 
the company stat(*s that it is now operating within the law. 

The Balaklala Consolidated Copper (^o., owning the smelter at 
Coram, Shasta county, installed the Cottrell process at a cost of 
about $126,000 for e(juipnient. and some $25,000 additional for ex- 
periment in <?. After it had been in operation for a while, the farm- 
ers still complained, tboufrb the company maintained that it was 
coniplyinj; substantially with the conditions imposed by the court. 
Thereupon, Mr. Shanahan enp:a«i:ed the services of Gould & Burt, 
consul tinnf chemists, to test the fume. Thev made 44 tests, and 
found that in 8 out of the 44 the percentage of SOo was in excess 
of 0.75% allowed by the court ; that free SO;, was escaping, as was 
shown in several of tlu^ tests, and also that dust was escaping* The 
tests' showed that the niaxinuini amount of SO. found in any one 
test was 0.021%, aiul their summary showed that the eflRciency of 
the Cottrell process was as follows: ]\Iaximum, 96% plus; average. 
74%; minimum. 20^^; and they concluded that the process was 
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ileas for the purpose intended. Mr. Shauahan stated that the 
fompaiiy did not dispute the accuracy of these lests; consequently 
that the company was disobeying the injunction on three counts. 
and was. therefore, in contempt of court. The result was that the 
company compromised by paying the Farmers' Protective Associa- 
tion $4000, which was about the costs of chemists' and legal fees, 
aiid closed the smelter. The Ralakiala was smelting 700 tons of 
oce per day. 

The Bidly Hill smelter is situated 17 miles east of the other twn, 

add is surrounded chiefly by government land and forest resiTve. 

The capacity of the plant is in the neighborhood of 400 tans per 

(lay. Mr. Shanahan stated that when the (iovernnient saw the 

si«t'cess of his efforts, it enjoined the Bully Hill smelter and gave 

Jtfj*it company a short time in which to equip a fume destroyer, or 

ftl^ise down. This was in 1910, at which time the price of copper was 

nd apparently the company closed down rather than go to the 

fc jiense of questionable experiments. At the present time the Bully 

iri II smelter is closed, and no one seems to know the plans of the 

■ic* »-npany. 

"Xhe Balaklala smelter has been closed and partly dismantled, and 
'■'*«; Mammulh smelter is the only one operating. Mr. Shanahan 
"t^ted that a marked improvement in conditions is apparent since 
u*^ Mammoth smelter installed the bag-house, and since the other 
*tt>«ltera closed, tie was not prepared to state whether, in his 
**t>inion, the bag-house was entirely successful, or whether there 
""JKht not be further disputes with the farmers; but he expressed 
*•>•? belief Ihat it was by far the beat scheme yet devised, and that 
**'5 sincerely hoped it would be effective. He stated also that, while 
'*'*»st of the farmers appeared to be satisfied with present conditions, 
*****>ie of them were stil! complaining, but that during the past 
^^ason the French prune crop in the vicinity of Andursou was the 
*st it has been in years. At the annual meeting of the Shasta 
^-■•»»mty Farmers' Protective Association, held in Anderson Decem- 
^-*' 13, the new officers elected were from the dissatisfied element, 
*"*<:1 that at least some of the farmers are still dissatisfied appears 
^ W shown in the newspaper accounts of that meeting as appended 
•^^ this report. Mr. Shauabnn protested at the smelter being per- 
'**<t(ed to experiment with new processes, because of the fact that 
''^*iinge was being done meanwhile, hut he was not prepared to state 
'*\v a successfnl process could be developed olher than by actual 
*'^|>eriment. He freely acknowledged that this was the only way 
^^e question could be determined, and bis only suggestion was that 
*Uch experiments be conducted on the desert. 



>., 



1... 



242 RECENT COPPER SMELTING 

There apj^ears to be two fundamental reasons why the smelter 
situation in Shasta county imposes peculiar difficulties: (1) the ore 
is a massive sulphide, in other words the sulphur content is unusu- 
ally high, which produces an unusual amount of sulphur gases; (2) 
the two principal smelters were within three miles of each other, 
and in a narrow valley in which the winds are almost invariably 
either north or south, consequently the fume was more concentrated 
than if the region were subjected to varying winds. The natural 
conclusion seems to be that the smelters should not be congregated 
near an agricultural region for the reason that while one smelter 
may operate within the law and without injury to the agricultural 
interests, it does not follow that more than one smelter, even though 
they operate within the law, will not have a damaging effect. As 
a test of present conditions at Kennett, it is interesting to note the 
lawns, shrubs, and flower gardens surrounding the houses within 
half a mile of the smelter. I was informed that it has been possible 
to maintain those gardens only since the bag-house was built. 



SMELTER FUME IN JAPAN 

(Editorial. March 9, 1912.) 

When facing an intricate problem it is always interesting, and 
often profitable, to learn how your neighbors have met the same 
difficulties, and in the treatment of smelter-fume, help from every 
source is desirable. In densely settled countries with well developed 
industries, such as the Eastern part of the United States, and Eu- 
rope, it is possible, by finding a market for sulphuric acid, to dispose 
of the sulphur in the fume economically and satisfactorily. In 
Utah, Montana, and California this is only feasible on a limited scale. 
Thrre is no present or imminent market for the sulphuric acid that 
might be made at Anaconda alone, and, if it were economically pos- 
sible to ship acid from Montana to the Eastern states, this would 
merely result in disorganization of established industries. It is 
unnecessary to review here the various attempts made in the West- 
ern states to meet the difficulties of an admittedly serious situation. 
These have been chronicled from time to time in our news pages, 
and while there is distinct promise of final relief, it is fair to say 
that at present no entirely satisfactory means of handling smelter 
fume in the states mentioned has been devised. The final solution 
must be a f)rocess which prevents escape of injurious material from 
the stack, and which is ai)plicable, if not with profit, at least with- 
""* serious loss to the smelting company. 
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Pending perfection of existing processes or invention of better 
ones, and owing to our imperfect methods of legal procedure, it has 
been customary to close the offending works by injunction. In 
determining whether such injunction shall be made permanent, the 
relative measure of damages is not, unfortunately, the principal 
factor. It should be clear that closing a smelter cuts off the revenue 
from the only interest having sufficient at stake to warrant the 
heavy expenditures necessary to perfect a satisfactory technological 
process. This is aside from the incidental damage to the community 
in destroying what is often the chief source of income of the particu- 
lar community. This bears certain analogies to the universally con- 
<lemned * cutting off one's nose to spite his face,' and also the killing 
of the 'goose that lays the golden eggs.* If the smelters are not to 
perfect the technology in this case, who will? And how are they to 
do it if their revenue is impaired? In fairness, it must be state^i 
tiat in several cases the courts have refused to issue or enforce in- 
Jiinctions for a period during which experimental work was being 
^^nducted. This, we believe, is a sound policy and may well be ex- 
pended. 

Ici Japan they do even better. Conditions in that country are not 
'^^ilike those in our Western states in main essentials. In particular 
Inhere is the same condition of undeveloped industry that prevents 
**^e direct utilization, in the form of sulphuric acid, of the sulphur 
^^ smelter fume. On the other hand, agriculture is highly developed 
^^d every acre of cultivable land is used. Damage to crops is a se- 
^^Us matter where nearly fifty million people must be sustained in 
^^ area about equal to that of California and with but 12 per cent 
^* the land suitable for cultivation. Establishment of smelters in 
^^ch a country, necessary as it is, brings up smelter-fume problems 
■^^ their most acute form. The smelting industry of Japan is still in 
^^ early stage so far as industrial organization is concerned. There 
^^ Txo great 'smelting trust' and custom smelting is not general. 
tactically each large mine has its own smelter, or, rather, each 
•arge mining partnership has at least one smelter. The three lead- 
^^§ copper mines of the country each supply a separate plant. The 
^iosaka mine of the Fujita company is situated in the mountainous 
Country of the far northern province where little damage is possible. 
^^^ Osaruzawa mine of the Mitsu-Bishi company is in the same 
Situation. The Ashio mine of the Furukawa company is in a region 
^l^ere the valleys are devoted to rice farming, and great care is 
therefore necessary to neutralize both the smelter fume and the 
waste water from concentrating mills. For the first the Asano proc- 
ess of treatment with lime-water has been adopted, and while not en- 
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tirely successful, it accomplishes such a degree of neutralization as ft x 
permits the smelter to continue in operation. In the treatment of m^ 
the waste water from the mills neutralization with lime-water has '^ 
been combined with sand filtration so effectively as to produce aa 
actual profit from copper otherwise lost. 

At the Besshi mine of the Sumitomo company, perhaps, the es.- 
perience has been most informing of alL This mine is now pr^^* 
ducing about 600 tons per day of ore containing BO to 33 per cevrnV 
of sulphur. The ore is smelted in blast-furnaces, with pot-roa8tii=^% 
of the fine material, in an excellent modem plant boilt in 1904 c=>b 
Shisaka island, to which the works were removed from the mai^:^ n- 
land to prevent further damage to agriculture from fume. TUHhe 
island is in the Inland sea ten miles from the nearest importa^Kznt 
land. Despite this distance, complaints of damage continued 
the erection of the new works. Experiments have accordingly bi 
undertaken to determine methods of preventing damage. The se 
experiments have been made by the engineers of the company nnd -er 
the supervision of a commission of technical men, appointed by tHfte 
Government. This same commission, it may be noted, has ft. "all 
charge of all matters relating to fume damage, and complaints ih. Je 
made to, and adjusted by, it rather than the courts. In other worci%, 
technical matters are judged by technical men, rather than left "to 
decision by judge and jury. The commission includes professors o4 
mining, forestry, and agriculture in the Imperial Universities, a:»^=^^ 
the particular committee handling the experimental work includB^^* 
Mr. Wataru Watanabe, the director of the Engineering College ^^' 
Tokyo Imperial University, chairman; Mr. Jisaburo Yokobori, p^tr-^^- 
fessor of metallurgy at the Kyoto Imperial University ; and IW'"^ ^• 
Yoshitaro Watanabe, professor of metallurgy in the Kyushu I "^^' 
perial University. Agricultural experiment stations are maintaii^^ ^*" 
on the main islands on three sides of the plant and careful obser 
tions aro being made of the effect of each change as made, 
interesting test was as to the effect of dilution resulting from 
height of the chimney, which rises 212 feet above the plant. It 
found that the percentage of SO2 in the air on the mainland 
not different when the smoke was released at the base of the sta- ^^^ 
from what it was when released from the top. In other words, a 
reasonable height of stack was insignificant in comparison with 
horizontal distance within which damage was claimed. Attemf:^*^ 
were made to neutralize the SOg by mixing coal gas with the fum»-^^ 
gases, and the amount was brought down to one per cent. Int^^' 
esting experiments are now under way, in the direction of elearlsi^ 
the fume by sucking through a 2-inch layer of filtering media of 
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various sorts. Many of the lines of research undertaken proved un- 
profitable, others are promising, none have as yet proved entirely 
successful and at the same time economical. Under conditions ob- 
taining in the United States probably an injunction would be issued 
and the works closed. Instead, they are running, and good crops 
are being regularly harvested. In the agricultural experiment 
stations conducted as a part of the general investigation it was 
found that damage was done by the fume in only a certain limited 
portion of the growing season. In the case of rice, the main croj), 
the injury occurs almost altogether within 20 days of the year, 
though danger extends through 40 days. Accordingly the crops are 
watched by experts, and when the danger season arrives, notice is 
sent to the smelter. The output then is reduced by one-third, and 
the plant continues to run at the lower capacity for 40 days, during 
the 20-day period a further reduction of one-third is made, or 
until notice from the experts indicates that the rice is past danger 
of damage. The remainder of the year the plant runs at full 
capacity. This appeals to us as a simple and effective method of 
meeting present diflSculties pending perfection of process such as 
vrill permit smelters to run profitably at full capacity and without 
question of damage to agriculture. We commend it to the* attention 
of state and national authorities in the United States. 



THE ELECTRICAL PRECIPITATION OF SUSPENDED 

PARTICLES 

(August 26 and September 2, 1911.) 

By F. G. COTTBELL 

*The removal of suspended particles from gases by the aid of 
electric discharges is by no means a new idea. As early as 1824 it 
^^8 suggested by Hohlfeld^ as a means of suppressing ordinary 
^^oke, and again a quarter of a century later by Guitard.- These 
^^ggestions, which do not seem to have stimulated any practical 
*tvidy of the question, were soon entirely forgotten and only brought 
^ light again by Sir Oliver Lodge^ many years after he himself 

^Abstract from Jour. Ind. Eng. Chem., August 1911 and revised in part 
March 1914. 

I'Das Niederschlagen des Rauchs durch Electricitiit/ Hohlfeld, Kastner 
^rcMv, Natural, 2, 205-6 (1824). 

*G. F. Guitard, Mechanics Magazine, Nov. 1850. 

•Hlttorlcal note on *Du8t Electrification and Heat/ O. J. Lodge, Nature, 71, 
582 (1906). 
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had iudepoiideiitly re-diseovered the same phenomena and brought 
them to pul)lie attention^ in a lecture before the Liverpool Section 
of the Society of Chemical In(histry, November 3, 1886. The first 
r(»c()rded attempt to apply these principles commercially appears to 
have been made at the Dee Bank lead works. The general principle 
of electrical precipitation of su8i)ended matter was at this time pat- 
ented by Alfred 0. Walker, of the above firm, in several countries/ 
but these patents have long since expired. The apparatus was 
erected in 1885 by the works manager, W. M. Hutchings, w-ith the 
cooperation of Mr. Lodge, and briefly described by the former just 
before its completion as consisting of a system of metallic points 
situated in the flue from the lead furnaces and excited from two 
Wimshurst influence machines with glass plates 5 ft. in diameter, 
each machine being driven by a 1-hp. steam-engine. Almost simul- 
taneously with Walker and apparently without knowledge of his 
and Lodge's work, Karl Moeller, of the firm of K. and Th. Moeller 
of Brackwede, Germany, secured a patent (Ger. Pat. 31911, Kl. 12, 
Oct. 2, 1884) on the electrical precipitation, or at least agglomer- 
ation of particles in connection with the filtration of air through 
cloth screens. The patent specification itself appears, however, to 
be the only published record of this work. The idea w^as, it is 
understood, suggested by an article by Robert Narwald {Wied. Ann. 5, 
460-499, 1878) dealing with the disturbing influence on electrometer 
measurements due to dust in the air. 

The apparatus undoubtedly did not in practice fulfill exj)ecta- 
tions, as nothing further is found of it in the literature. The most 
apparent weakness of the project lay, perhaps, in the reliance on 
the Wimshurst machine, which had then just been brought out and 
from which a great deal more was anticipated" than has been justi- 
fied by exj)erionce, at least as far as commercial applications are .^ 
ccmcerned. 

Since that time an occasional patent" or article'* has served t* 



4'The Electrical Deposition of Dust and Smoke with Special Reference ""^^ 
the Collection of Metallic Fumes and to a Possible Purification of the Atmc^^ 
phere/ Jour. Soc. Chem. Ind., 5, 572-6 (1886), with appended bibliography^ 

''Great Britain, 11.120, Aug. 9, 1884; Belgium, 68,927, May 19, 1885; Spa-in 
7211, July 10, 1885; Germany, 32,861, Feb. 27, 1885; Italy, 18.007, Mar. 31 
1885; United States, 342,548, May 25, 1886. 

6A. O. Walker, Engineering (Lond.), 39, 627-8 (1885). G. Tissandier, J^^on- 
don Electncian, 17, 33 (1886), 

7Lorrain, British Pat., 6495 and 5667 (1886); Thwait, U. S. Pat, 6ir,«18. 
Jan. 10 (1899); Hardie, U. S. Pat, 768,450, Aug. 23 (1904). 

•J. Wright. Elect. Rev. Lond., 47, 811, Nov. 23 (1900); see also ^^«^' 
Roy, Sanitary Institute, 27, 42. 
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keep the subject in the public eye, and in 1903 Lodge himself took 
out a patent* covering the use of the then new mercury arc for 
rectifying high potential alternating currents for this purpose. Up 
to the present time none of these patents seem to have been carried 
into successful commercial operation on a large scale in the chemical 
or metallurgical industries. Some four years ago while studying 
Various methods for the removal of acid mists in the contact sul- 
phuric acid process, I had occasion to repeat the early experiments 
of Lodge, and became convinced of the possibility of developing 
them commercially. The work here described may fairly be consid- 
ered as simply the reduction to engineering practice as regards 
equipment and construction, of the fundamental processes long since 
laid open to us by the splendid pioneer work of Lodge, a feat vastly 
easier today than at the time of the original attempt. 

The precipitation of suspended matter, whether in gases or liquids, 

^D«y be accelerated by electricity in the form of either direct or al- 

tor-nating current, but the mode of action and the type of problem 

^^ which it is best applicable differ in certain important respects. 

*^here an alternating electromotive force is applied to a suspension, 

^'^o action consists for the most part in an agglomeration of the sus- 

P^iicied particles into larger aggregates out in the body of the sus- 

P^xiciing medium and a consequently more rapid settling of these 

'^f^^i^egates under the influence of gravity. Thus, if powerful Her- 

^***ri waves are sent out into foggy air, the alt(»rnating fields set up in 

si>Hce cause an agglomeration of the particles of liquid into larger 

dr<>pg which then settle more rapidly. (Considerable work aimed 

^*' the application of this phenomen to the dispelling of fog on land 

^^^^i sea has recently been done in France and England, but little 

^^ t.c> definite results seems as yet to have been published. The field 

^l>pc*ars, however, one of considerable proniis<\ Another appliea- 

"^ti of alternating current along these lines is found in a process 

'Jo w jn iis^ ill California oilfields for separating ennilsified water from 

^^^^<:le oil. This process grew out of the work here described and 

^^ developed some two years ago by Ruekner Speed and myself to 

. ^^t certain peculiar conditions existing in these fields.'" Alternat- 

^ current may thus be used to advantage where the masses of gas 

5^ liquid to be treated are fairly quiescent and a simple agglomera- 

^^ of the suspended particles into larger aggregates is sufficient 

* ^^Ifect separation by gravity or otherwise. 

*^rit. Pat, 24,305 (1903); U. S. P^., 803,180, Oct. 31 (1905). 

P^ ^^'Dehydration of Crude Petroleum, a New Electrical Process,' Arthur T. 
^^Xley, The Oil Age, 3, 2-4, Apr. 21, 1911. 
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lb ih^ case of the latg^ volumi^d oi rApidly moving gases in silieiter 
tiu^s, the agglomeraling Ahd settling process is however, too slow 
even when the flues are expanded into as large chambers as al*e (ioiii- 
irter^ially feasible. It is in such cases that diredt-cJurrent methods 
hav« been particularly important. If a needle point connected to 
bne side of a high-potential direct-current line to be brought opposite 
a flat plate eoonefeted to the other side of the line, the air space be- 
tween betiomes highly charged with electricity of the same sign as 
th^ heedle point ; irrespective of whether this is positive or negative. 
Any insulated body brought into this space instantly receives a 
charge of the same sign. If this body is frfefe to move, as in the case 
of a floating particle^ it will be attracted to the plate opposite charge 
and will move At A l*ate proportional to its charge and the potential 
gradient, between the point and plate. Even if there are no visible 
Wifipiftnded particles, the gas molecules themselves undergo this sAille 
process, as is evidenced by a strong wind from the point to the plate 
even in perfectly transparent gases. The familiar experiment of 
blowing out a candle flame by presenting it to such a changed point, 
is simply another illustration of the same phenomenon. 

As abov«> indicated, the first step toward practicability was of 
becesility a commercially feasible source of high-tension direct cur- 
t^nl. The obstacles to building ordinary direct-current generators 
for high voltages lie chiefly in diificulties of insulation, and if this is 
avoided as to individual machines by working a large number of 
series, the multiplication of adjustments and moving parts intrudes 
itself. On the other hand, high-potential alternating-current tech- 
nique has in late years been worked out most thoroughly, and com- 
ni^rcial apparatus up to 100,000 volts is available in the market. 
The mercury arc rectifier has been made practical for series arc 
lighting service up to some 5000 volts direct current, but although 
higher voltage units were at one time attempted by the electrical 
companies, they were later withdrawn from the market as unsuited 
to practical operating conditions. For high voltages they seem, 
like the static machines, to work well under the careful management 
and light duty of the laboratory, but fail in practice. This is par- 
ticularly so in the application to metallurgical and chemical work 
where the electrodes in the flues have to be placed close together 
and worked near the potential of disruptive discharge, the occa- 
sional occurrence of which latter places much more severe require- 
ments upon generating apparatus than in the case of the series arc 
lighting, to which the rectifier seems particularly well adapted. 
This restriction does not necessarily apply to the conditions under 
which fog and smoke WQuld be treated in the open air. It is to 
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! latter cases that Lodge's efforts in late years seem lo have 
lieen tlie more particularly directed, and there the mercury rectifier 
in connection with high-potential transformers may find a usefii! 
field. 

The procedure actually followed in the work described below con- 
sisted in transforming the alternating current from an ordinary 
lighting or power circuit up to some 20,000 or 30,000 volts and then 
(^ummntatiug this high-potential current into an intermittent direct 
current by means of a special rotary contact-maker driven by n 
synchronmis motor. This direct cnrrent is applied to a system uf 
i-|pftrodt-s in the flue carryuig the gases to be treated. The elec- 
trodes are of two types corresponding to the plate and point in the 
experiment above cited. The construction of electrodes correspond- 
ing to the plate presents no special problem, as any smooth con- 
"Jiicling surface will answer the purpose. With the pointed or dis- 
clifirge electrodes it is (|uitc otherwise, and the working out of prac- 
tical forms for these has proved the key to the first commercially suc- 
cessful installations. In laboratory exi;erimenfa, when the discharge 
from a single point or a few such is being studied, fine sewing 
"^edles or even wire bristles answer very well, but when it is at- 
tempted to greatly multiply snch discharge points in order toiiiii- 
fc»i-iiily treat a large mass of rapidly moving gas at moderate tcm- 
pt?tatur('3, great difficulty is met in obtaining a powerfid and, at the 
sacne time, effective distribution of current. 

It may be of interest to note thnt the clue to the solution of this 

"ifiHculty came from an almost accidental observation. Working 

one evening in the twilight when the efficiency points could be 

rougjijy judged by the pale luminous discharge from them, it was 

noticed that under the partieidar conditions employed at the time, 

"*s glow only became appreciable when the points had approached 

"*^ plates almost to within the distance for disniptive discharge, 

** '>il^ at the same time a piece of cotton-covered magnet wire which 

".^•"•"icd the current from Ihe transformer and conuniitator to the 

***iliargc electrodes, although widely separated from auy conductor 

■ity. showed a beautiful uniform purple glow along 

"Vvhole length. The explanation lay in the fact that every loose 

of the cotton insulation, although a relatively poor conductor 

^ **>pared to a metallic point, was still sufficiently conductive from 

' ^ natural hygroscopic moisture to act as a discharge point for this 

^Sh-potcntial current, and its fineness and sharpness, of course, 

vac exceeded that of the sharpest needle or thinnest metallic wire. 

^•^ting on this suggestion, it was found that a piece of this cotton- 

fiuvered wire when used as a discharge electrode at ordinary 
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teiiipenUiin' proved far iiion* rffiHrtivc in procipitatiiifr the Hii]])liuri(' 
acid mists, whicli were tlieii the ohjeet of study, than any system 
of metallie points whieli it had l)een possible to eonstniet. PerhapH 
the greatest advantage thus gainecl lay in the less accurate spacuig 
demand(»d between the electrodes of opposite polarity in order to 
secure a reasonably uniform discharge. j\Iuch of the importance 
of this discovery at the time lay in the limited potentials of a few 
thousand volts then available in laboratory work. 

In ])ractiee a more durable material than cotton was demanded 
for the hot acid gasi»s to be treated, and this has been found in 
asbestos or mica, the fine iilaments of the one and the scales of the 
other sui)i>lying the discharge points or edges of the excessive fine- 
ness recpiired. These materials are twisted up with wires or other- 
wise fastened to suitable metallic supi)orts to form the discharge 
electrodes in such wise that the current has to pass only a short 
distance by surface leakage over them, the slight deposit of mois- 
ture or acid fume naturally settling on them serving to effect the 
eoiuluetion. With the further develoi)ment of the electrical tech- 
nicpu* to provide the far hitrher voltages now being used in com- 
mercial operation, the ehoice and design of electrodes has become 
mueh mon» tiexible. ineludiui; simple metallic wires, sharp metallic 
strij)s, and the like. In fact, the very i)henomena of so-called corona 
loss or direct leakage from the wire into the air on high-tension 
transmission lines which is today the chief stumbling-block of the 
powi'r companies in going very far from 100,000 volts on these 
lines, becomes exactly what is desired in the processes of precipi- 
tation, and with the voltages now used a bare metallic wire of* 
moderate size or the relatively thin edge of a metallic sheet mav 
be made to furnish an excelli»nt discharge. The construction and 
arrangement ot* the electrodes, as also of the chamber containing 
thi'm. naturally vary widely with the conditions to be fulfilled under 
the varied applications to which the process may be put. Some of 
the more gi'ueral features of this work are described in the pat- 
ents" aln'ady issuctl in this aiul foreign countries, while further 
details and moditications are covered in othi»r patents not yet issued. 

F«>llowing development of satisfactory laboratory apparatus the 
att'-mpt was made to duplicate the experiments on a scale some two- 
hundred-fold larger. This was carried out during the summer of 
li'JMi at the Hercules work of tile K. 1. du Pont de Xemours Powder 
C\». at l*inob» on San Fraucisei» Hay, whtMe the contact gases from 
one t»f their Manidu'im contact sulphuric-acid units were available. 

r. s. rai.. si;i;.s4:i. si»:..:2i». !m:om7. i.«»n;.47t^ i.oar>.422, and 1.067,974. 
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These gases at the point selected contained about 4% by volume of 
dry gaseous sulphur trioxide, and in order to convert this into sul- 
phuric-acid mist they were brought into contact with water. Under 
these conditions very little of the sulphur trioxide is absorbed by 
the liquid water, but the latter evaporating into the gas combines 
with the sulphur trioxide to form the far less volatile sulphuric- 
acid which immediately separates as a dense white cloud of sus- 
pended particles so fine as to represent one of the most difficult of 
all materials to remove by filtration. Pig. 38a and Fig. 386 are from 
photographs taken a minute apart with the same current of fume- 
laden gases passing into the precipitation-chamber, but with the 
electric current respectively off and on. The apparatus consisted of 
two concentric cylinders which formed a discharge electrode, while 
intermediate in diameter between these two and resting on the lead 
pan-bottom of the apparatus was a third cylinder, also of iron-wire 
screen, but without asbestos winding, which together with the outer 
leaded glass cylinder constituted the collecting electrodes. The 
precipitated acid drained off from this precipitation chamber into 
the carboy on the right. The space between successive cylinders of 
opposite polarity was as nearly as possible an inch and a quarter. 
Current was supplied from three 1-kw., 110 to 2200-v. transformers 
connected in series on their 2200-v. side to give 6600 v. The fume 
was delivered to the bottom of the precipitation-chamber at its 
centre and had to pass thronp:h the three-wire cylinders and up be- 
tween the outer of these and the glass container, thus being subjected 
to three electric fields in succession. In this apparatus the power- 
consumption was about one-fifth of a kilowatt, and between IOC 
and 200 cu. ft. of gas per minute could readily be treated. This 
apparatus was merely for experimental and demonstration purposes 
but a still larger unit, built for permanent operation and to handle 
all of the gas from a Mannheim unit, has since been erected at this 
plant and put into steady commercial operation. 

These experiments at Pinole attracted the attention of the Selbj 
Smelting & Lead Co., whose smelter situated at Vallejo Junction 
a few miles farther up the bay, was at that time the object of in 
junction proceedings brought by the farmers of the surrounding 
country. At the time the suits originated, three separate stacks ai 
the smelter contributed to the alleged nuisance. The first, and ad 
mittedly the most serious offender, handled the gases from the leac 
blast-furnaces and discharged several tons of lead fume daily intc 
the air. Shortly before the commencement of experimental work 
at the plant, this had been obviated by the erection of the bag- 
house. After correcting this evil, there still remained, however, a 
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stack dischargiug the gases from the roasters, which, besides the 
invisible sulphur dioxide, furnished dense white clouds consisting 
chiefly of sulphuric acid, arsenic, and lead salts, and to which the 
bag-house was inapplicable on account of the corrosive action of 
these gases upon the bags. Lastly, there was the stack of the re- 
finery carrying the mists escaping from the pots of boiling sul- 
phuric acid used to dissolve the silver out of the gold and silver 
alloy coming from the cupels. 

The blast-furnace and the roaster stacks each carried something 
over 50,000 eu. ft. of gas per minute, while the refinery stack repre- 
sented scarcely a tenth of this volume. As a first step, operations 
were begun on this latter, and after several months' experimenting 
as to the best form of construction, a system of vertical lead plates 
4 in. wide by 4 ft. in length and spaced about 4 in. apart, was de- 
veloped. Several rows of such plates were assembled in a 4 by 4-ft. 
lead flue. Between each pair of plates hung a lead-covered iron rod 
carrying the asbestos or mica discharge material, the latter finally 
proving the more serviceable in this highly acid atmosphere. These 
rods or discharge electrodes were supported on a gridwork of buss 
bars extending over the heads of the plates and through apertures 
in the sides of the flue to insulators on the outside. 

The electric current is taken from the power circuit of the plant 
at 460 volts, 60 cycles, and transformed up to 17,000 volts, tltenee 
through the synchronous contact-maker or rectifier to the electrode 
system. At first a glass-plate condenser was connected acroM the 
high-potential line in parallel with the electrode system in order to 
assist in maintaining the potential of the electrodes between the 
intervals of contact, but was found troublesome and unnecessary in 
practice, and in this and other installations is now omitted. The 
power-consumption is about 2 kw., including the driving current 
for the synchronous motor. The switchboard transformer and recti- 
fier are in the engine-room of the plant and require no more atten- 
tion than a feed-pump or a blower. The plant appears to have 
been the first commercially successful installation of electrical pre- 
cipitation ever made, and had in 1911 been in successful daily oper- 
ation for over three years at a coj^t for labor, attendance, and 
repairs of less than $20 per month. In fact, while the plant was 
making (Miough bluestone to utilize all the weak acid recovered, 
the saving on purchase of the latter paid for the entire cost of 
oiMM'ating fiv(» times ov(*r. 

In the seven years which have elapsed since this plant was 
efjnipped, the processes have undergone steady development, and 
incidentally have passed through the many vicissitudes common to 




miiovtttiotis in the imiiiatpial world. Om; of the first extfiiwions of 
the wurk was, iiHtiirHlly. a series of txiieriinciitiii preeipitatinii 
i-haiuhers in the nmin nmsWi- flue of the same works. The former 
was (if leHii eonstructioii aimilnr to that of the first installation, 
but of some tenfold larger capaeity, while thi^ latter was of brick 
and iron eonstriielion and intended for the collection of dryer and 
loaa highly acid-bearing material. Fundamental ehangea in the 
fiiniHce e(|uipnient and metal liirgieal praetiee at this plant obvi- 
ated the need for eleetrieal preeipitation, and the permanent in- 
stHllatiou originally eon tem plated for those partieniar fiuea has 
iif^ver been carried out. 

The next plant in order of si/e that was undertaken was at the 




Balaktala smelter nl Coram. Slinsia eounty. California. The vast 

l>ody of low-grade eopjier ore reaching for many miles across this 

nmty and commonly kni>wn aa the copper erescent has recently 

teen described in detail by L, C. Gratou'- and characterized as the 

icond largest copper deposit which can be considered as a sinwle 

loltfgical unit in the United States. The tirat commercially aueceBs- 

lelter in this region was erected at Keswick in 1896 by the 




"IT. S. Geol. Slirv., Bull. VMih. 
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Mountain Copper Co., Ltd., under the management of Lewis T. 
Wright, and was of especial interest as one of the pioneers in pyrite 
smelting. Extensive heap roasting was also carried on at this plant, 
with the result of widespread deforestation of the surrounding coun- 
try and the final closing down of the plant in 1905 through in- 
junction proceedings instituted by the U. S. Forest Service. The 
company has since built a small smelter and acid phosphate works 
at Martinez on San Francisco bay and now ships its ore to this point, 
nearly 250 miles distant, for treatment, but even this latter plant 
has at various times come in for its share of fume litigation. 

In 1001 the Bully Ilill smelter at Delamar, with a capacity of 250 
tons per day, was started. This was later purchased and is now 
owned bv the General Electric Co., but since last Julv it has been 
closed as a result of complaints by the U. S. Forest Service, which 
insisted, at that time, that the plant either close or at least commence 
efforts on a practical scale looking toward controlling its fumes. In 
1905 the Mammoth Copper Mining Co., a subsidiary of the United 
States S. R. & M. Co., blew in its present smelter at Kennett. This 
plant, when running full, has a capacity of some 1200 tons of ore 
per day. The Balaklala, which belongs to the First National Cop- 
per Co., is the most recent of the Shasta county smelters, having 
blown in its first furnace in 1908. 

These smelters are all situated in the narrow, precipitous canon 
of the upper Sacramento river and its tributary, the Pit. The region 
itself is too steep and rocky for agriculture, but was once heavily 
wooded, although now swept bare of vegetation for miles. As far as 
the canon itself is concerned, probably all the damage possible has 
already been done, unless reforestation were undertaken. This 
latter even, would probably be slow and difficult work, as, since the 
loss of vegetation, the steep hillsides have been washed bare of soil 
for miles around. At Redding, however, some 13 miles below Coram 
and 17 miles below Kennett, the canon widens out into the fertile 
Sacramento valley, and from this point southward, for some 12 
miles farther, lies the region from which for the past two years have 
come increasingly insistent complaints against the smelters. These 
culminated, in the spring of 1910, in agreements between the 
farmers and the smelters under which friendly suits were brought 
in the Federal courts and injunctions issued by stipulation requiring 
the smelters to remove the suspended matter from their exit gases 
and dilute the latter to such an extent that their sulphur dioxide 
content should not exceed 0.75% by volume as discharged from the 
stacks, with the further general and sweeping provision that they 
should do no damage. 
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To accomplish this the Mammoth smelter built a bag-house which 
has been iu successful operation since July 1910. The gases dis- 
charged from the five stacks (each 21 ft. square) are, to all intents 
and purposes, free from suspended matter and consequently invisi- 
ble. This represents a notable achievement, being the first time that 
the bag-house, so efficient in lead smelters, has been successfully ap- 
plied to copper blast-furnace gases on the large scale. It is made 
possible in this instance through neutralization of the sulphuric acid 
in the gases by the zinc oxide carried over in the fume from the zinc 
content of the ore smelted. The company is also the owner of 
patents*^ on the introduction of finely divided metallic oxides into 
the gases for this purpose. In addition it was necessary to provide 
an extensive system of cooling pipes in front of the bag-house. There 
are 40 of these pipes, each 4 ft. in diameter and averaging about 200 
ft. in length. They represent a large part of the cost of the plant. 
It was expected that they would be sufficient to cool all the gases of 
the plant to a safe temperature to protect the $30,000 worth of 
woolen bags with which the house is filled, but upon starting it was 
found that only a little over half the full capacity of the plant could 
thus be treated with safety, and operations were accordingly re- 
stricted to this. In the cold weather of winter a considerably larger 
tonnage can be handled with safety than during the hot summer. 
Subsequently, by rearranging the pipe connections so as to have 
eight groups in parallel, each consisting of five pipes in series, the 
company succeeded in greatly increasing their efficiency as coolers, 
and thus materially increased the plant capacity over that first 
obtained. Provision was also made to supplement the pipe cooling 
by blowing in of outdoor air when necessary. The fan power neces- 
sary to move all this vast weight of air and furnace gases through 
the bags and pipe system is, of course, considerable, reaching at 
times well up toward the 1000 hp. mark. 

Notwithstanding this, however, the bag-house is to be considered a 
decided success; at least for the particular conditions met with at 
this plant, and the management deserves great credit for the cour- 
age and skill with which it has carried through this new, and after 
all largely experimental, undertaking, representing as it does the 
expenditure of over a quarter of a million dollars. 

In the case of the Balaklala smelter, the use of a bag-house was 
also considered, and in fact a small experimental unit containing a 
few bags was run for some months in comparison with tests both 



•KJlarence B. Sprague, U. S. Pat. 931,515, Aug. 17, 1909, and 984,498, Feb. 
14, 1911. 
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by the electrical process here described, and also a centrifugal 
apparatus in which the gases passed through a rapidly rotating 
cylindrical shell equipped with radial baffles to insure the gas being 
raised to full velocity. As a result of these tests the electrical pn>- 
cess was adopted for the full-sized installation. 

The smelter treats from 700 to 1000 tons of 2.5 to 3% copper ore 
containing over 30% sulphur with considerable but varying amounts 
of zinc. The greater proportion of this is handled in blast-furnaces, 
but the fine material, including everything under an inch and 
amounting to less than 10% of the whole, goes through McDougall 
roasters and an oil-fired reverberatory. The plant has also two 
converter stands. The gases from all these departments pass into a 
common flue, 18 by 20 ft. in cross-section. The volume of gases 
passing through this flue varies with operating conditions from a 
quarter to half a million cubic feet per minute, which means, in 
round numbers, a mean linear velocity in the flue of 10 to 20 ft. per 
second. 

Before attempting to design the full-sized equipment for treating 
these gases a small precipitation-chamber capable of treating about 
1% of the total gases, was erected and an extended set of experi- 
ments made with it. With this miniature unit as a guide, the equip- 
ment of the whole plant with similar apparatus was undertaken in 
March 1910. This was completed and first put into operation at the 
end of the following September, since which time it remained in 
continuous operation until July 24, 1911, when the whole plant 
shut down until such time as a practical method could be found 
for removing from the gases not only the suspended solids, but 
the sulphur dioxide gas as well. Experiments to this end with 
the Hall process already referred to, upon at least a semi-commer- 
cial scale, are now being pursued by the Balaklala company at 
the smelter, "but no decision seems yet to have been reached regard- 
ing their commercial practicability on the full-sized operating scale 
of the smelter. These experiments on sulphur dioxide have, how- 
ever, nothing fundamentally to do with the electrical precipitation, 
and returning to this it may be said that the nine months of oper- 
ation which the plant had, amply demonstrated the entire prac- 
ticability of extension of the process to operation of this on even a 
larger scale. As was naturally to be expected, many difficulties were 
encountered, some of which have already been entirely over- 
come, while others are giving way more gradually before 
the systematic study of operating conditions. Fig. 41 is a 
plan of the nine electrical precipitation-units or chambers 
in their relation to the flue system and stack. It should here be 
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not«^ that the two large fans indicated in the drawing aru not re- 
quired for the op«ratioB of the precipitating eystem nor to overcome 
any added resistance due to its introduction, as this latter is slight. 
The fans were made neeeasary by that section of the court's decree 




1 Plast, Balaklala Con. 



requiring dilution of the sulphur dioxide to 0.75^ or U-aa. When 
the furnaces are running on a hinh sulphur (^harjjc this feature of 
the decree necessitates a considerable dilution of the gases with fresh 
sir and corresponding diminution of stack draft. At these times the 
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fans are operated, but during; a considerable portion of the time t 
sulphur dioxide in the gases can be brought low enough without 
terference with the draft, and during these periods the fans t 
stopped entirely, although the gases still pass through them. 




Fw. 416. Settion THBOinir Pbkc 
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.\l llic rci-tificr buildiii>; the cinrcnt is received from the com 
Iiuiiy's three-iihrtHf powtT-elrciiit at SiW volts, 60 cycles, and aftei 
being transformed up to from 25,000 to 30,000 volfs under the ton- 
(rol of thf opcnilor through the variable resistance and inductinii 
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nil&tors, is rectified into an intermittent direct current, as already 
[<'«zplained, and distributed to the individual precipitating units. Fig. 
43 shows a cross-section through one of these units or precipitating 
flues as first tnatalled. The double vertical lines represent the 
cuilecting or grounded electrodes, each 6 in. wide by 10 ft. high, 
made of No. 10 sheet iron. The dotted lines represent the discharge 
electrodes, consisting of two iron-wire strands, between which is 
twisted the discharge lUKterial, for which both asbestos and mica 
preparations have been used in this plant. Each unit contains 24 
rows of 24 electrodes of each type. The collecting electrodes are 
carried by bars connected directly to the frame of the chambers 




Fin. 42. Rectii 



tfiPinsplves, while the discharge electrodes are spanned by springs 
between a system of hnsK bars carried ou externally placed insula- 
tors as shown in the figure. To the auxiliary chambers surround- 
ing these insulators a small regulated amount of air is admitted to 
]>revenl conductive dust or fume from working back and settling 
oti the insulators. The cam and shaker rod extending across the 
middle nf the unit was originally designed for the purpose of vig- 
orously shaking the electrodes, as it was greatly feared that the re- 
■ moval of precipitate from the electrodes in units nf this size might 
f one of our most serious problems. In actual operation it has 
Mn found, however, that the electrodes ean easily be shaken en- 
rely free from dust by hand from the lop: the whole operation, in- 
Bdnding cutting the unit in ami out nf tbe system and thi' reuinvaA^ 
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and replacement of its covers, requiring only about ten minutes, 
and this having to be repeated every six or eight hours, depending 
on the dust content of the gases. The precipitated dust and fume 
as it falls from the electrodes is carried by the conveyor in each unit 
to a common longitudinal conveyor which in turn discharges into 
cars carr^ung it away for treatment. 

P^iltration tests show that this plant, under favorable working 
conditions, ])recipitates between 80 and 90% of the suspended 
matter in the gas, the average over the whole period of operation 
to date being somewhat less, while after introducing improvements 
in detail of construction on (me of the units shortly before the 
final shut-down of the plant, the eflficiency of this unit has carried 
w<»ll up into the nineties under average operating conditions at- 
the smelter: this reprcvSents some 6 to 8 tons of precipitate per" 
24 hours. The gas-treating plant as a whole, including flneSy fans,^ 
motors, and electrical apparatus, cost, up to the time it was pu 
hi operation, a little less than $110,000. Although many minu 
changes have since been made, none of the large or more expensiv 
elements of construction have been greatly altered. 

The total average power-consumption for the precipitation-plan 
when running is in the neighobrhood of 120 kw. One man 
readily control the whole operation in the rectifier house, although 
as a matter of precaution for a new plant under the high tensio 
here used, two have usually been on duty. Two laborers and 
foreman are employed on the precipitating units and du8t-handlin@ 
system, although this can probably be reduced somewhat by 
matic shaking devices, since as yet the main efforts at improve 
ment have been directed elsewhere. The volume of gases to 
treated varies considerably with the condition at the furnaces — 
but at pr(\s(»iit may fairly be taken as averaging between 200,OOC ^ 
and ;}00.000 (mi. ft. per minute, and entering the units at froiT"» 
lOO'^ to ^'yiV ('(Mitigrade. Fig. 42 is the interior of the rectifiex* 
house or control station, showing the general arrangement of appa- 
ratus and wiring. 

This ])lant, while not able to save the Balaklala smelter from'an ; 
eventual shut-down, formed a very important link in the develop- / - 
ment of the [processes to their present status. The interest of the 
smrltcM* eoinpanies uf) to this point depended almost entirely on the 
hope of eliminating smoke as a nuisance and its attendant liti- 
gation with their neijjrhbors. and had it not been for the life or death 
strutrirlc that this mraiit to them, it is probable that the success of 
the (^Icetrical processes might hav(» been delayed many years longer. 
One*' ])rouj:ht, however, under this powerful stimulus to the state 




anal 



veloninf*^^ rtbo^*' tlt's<-nbo(l. iiiniortanec iif these pineeBses for| 
ivine "f iiiet»ls*<»st tliroui^h wajite gases began to claim general' 
L"8l aii«i ***■ V*'*'***** » lnrge number of preeipitdting plants ara 
(.i,iistr\i«*'"" "*^*1 Several are already oi)eratmg in eopper, lead, 
iron snieHcT^- i>»*?tjil refineries, cement mills, and a varied set 
,ei,.ic«l tadmtriM. 

jj^L-ct^ssary here lo describe any of these plants in great de- 




tail aa they represent essentially the same principles an those already 
diacusscd. Fig. 43a and i-ili show tnirrent off and on in an experi- 
jii«utal unit erected about the end of IHll at the Garfield (lopper 
Bjnelter in Utah to treat the gases from basic lined converters 
bundtiiig a leady matle. In this case, the five-inch steel pipes carry- 
ing the gases act also as grounded or collecting electrodes, the dis- 
eliBrge electrodes being iron wires stretehed axially within them. 
The deposited material was shaken down from time to time by strik- 
jic the pipes with a system of hanimcrfl attached to the rneking shaft 
in the pictnre passing ln'hind thi' I'nml nnv of pipes, A ]>Ui' 
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of the deposit coDsisling chiefly of lead sulphate but also eanjiag 
gold, silver, and other metals is seeu on the gi'uimd tu the right. Thii> 
unit consisting of 24 pipes was followed by anotbor one nf 600 pipes 
which was siiecessfuUy operated for about a month ou steady tests, 
taking the whole of the gas from one large liasio converter and port 
of the timo a portinii of that from a seeoiid converter as well. .\ 




Fio. 43b. Exfci 



With Cursknt Ox. 



part of this equipment was then moved to a point where gas fpoio 
the other departments (i, e.. blast-funinces. reverbera tones, and 
roasters) could also be secured and ex|)erimeiits continued on 'each 
of these and on mixtures of them. They were all found to be eaail; 
handled, the others in fact were more easily handled than the con- 
verter gases above illustrated, but these latter contained the material 
of highest value. Having determined to construct a new stack and 
flue system to take the gases from the blast-funiaces and converters 
of the plant it was decided to incorporate an electrical precipitation 
plant for the treatment of all the converter fume. This complete 
plant is now (l!)14l under constniction and ia expected to be in 





Iperatiou by the coming summer. Proviaioii lias also ln-i'ii niiiiU- for 
the adding of electrical precipitation [ilaiil for the lilast-t'iiniace 
[asGs, should it later be decided to do so. 
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Another plant to treat about 100,000 eu. ft. of gas per minute and 
consisting of 384 pipes each 13 inches in diameter is also under con- 
struction at the lead smelter of the Consolidated Mining & Smelting 
Co. at Trail, British Columbia. 

Another unit of tubular type in this case with pipes of lead 12 
inches in diameter and 12 ft. long, was constructed at Anaconda to 
collect the copper and acids volatilized from an 80-ton experimental 
McDougall furnace, roasting low-grade sulphide tailing with salt 
preparatory to leaching. In this plant an electric current of some 
60,000 volts is used. Where the material collected is largely liquid 
or saturated with acid as in this case both wood stave and vitrified 
terra cotta pipes up to 2 ft. in diameter have been used with suc- 
cess, and with dry material iron-pipe construction has been suc- 
cessfully employed up to 36 in. diameter and 20 ft. in length. In 
these larger pipes, several discharge electrodes are generally em- 
ployed carried on a central support. This type of construction where 
applicable has done much to simplify and reduce cost of installation. 



SMELTER FUME 

(Kditorial, September 23, 1911.) 



SiiH'ltiM* fume lins been for some years past a critical problem in 
the in('tnllur«ry of the iiK^tals which chiefly occur as sulphides, of 
whicli copixT. lend, and /ine are the most important. Smelters, like 
many otliei* industrial ])lants. have always been considered un- 
desirable neighbors, because of the odors emanating from them, 
though when eomparecl with tanneries, glue-factories, stock yards, 
fertilizer woiks, and many other useful and necessary forms of in- 
dustry, tlieir offense seems almost negligible. The solid particles 
in the fume, gradually settling in the neighborhood of the stack, 
have also been sources of complaint. Dust of any sort is objectiona- 
bl(\ and it has also been urged that the chemical effect of the dust 
settling from smelter fume is deleterious to the vegetation on which 
it may settle and to livestock that nuiy browse upon this vegetation. 
It is unquestionable that injured vegetation and dead livestock 
have been found in the vicinity of smelters but that the damage 
was the direct result of smelter fume can rarely be definitely proved. 

The solid ])artieles commonly present in smelter fume are of two 
kinds, fine particles of ore and flux which are carried off by the force 
of the drauirht, obviously no more objt^ctionable than the ordinary 
(Inst of a (MMintry road, and line solid particles commonly present 
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which have been produced in the smeltinji: operation itself. The 
most important of these are condensed sublimates of some of the 
volatile metals, notably oxide of arsenic, and ILSO^. The latter is 
produced in roasting: and smelting both by the catalytic action 
which certain oxides, principally of iron and silica, exert in SOo, 
and by the decomposition of various sulphates by heat. The SO3 
thus formed, takes up moisture as soon as it has cooled sufficiently, 
forming a fog of sulphuric acid. Except when smelting a charge 
high in sulphur, the amount thus formed is undoubtedly small, and 
it is unquestionable that *the damage produced has often been 
greatly exaggerated. Where any considerable amount of arsenic is 
present in the ore it will largely escape as fume and may poison 
livestock grazing near the smelter. There has been much contro- 
versy over the subject of smelter fume and only a few points seem 
to be clearly established as yet. One is that the damage complained 
of has been greatly exaggerated and in many cases can be proved to 
be due to causes other than smelter fume. The second is that damage 
has been done in some instances. The third is that it is commer- 
cially feasible to remove solid particles from fume before allowing 
it to escape. The Cottrell electrical process of precipitating solid 
matter had given good results at the Balaklala when that smelter 
was closed for a variety of reasons, and it has also been found 
possible to neutralize the sulphuric acid formed and then to remove 
all the solid by filtering through bags, in much the same method as 
that employed in the production of sublimed pigments of zinc 
and lead. Part of the cost of this work is defrayed by the increased 
recovery from the solids; the remainder may be regarded as an ex- 
cise tax upon the privilege of carrying on smelting operations in 
agricultural districts. That a smelting industry should be com- 
pelled to carry this burden when the smelting operations antedate 
the agriculture would seem unreasonable, but legal privilege does 
not always coincide with justice and equity. The third cause of 
complaint is the most difficult to deal with. In roasting and smelt- 
ing operations large quantities of SOo are discharged into the air; 
practically all of the sulphur driven off in roasting and all the 
sulphur of the smelting charge which is not drawn off in the form 
of matte escaping in this way. That SOo will injure vegetation is 
known to everyone who has had occasion to disinfect a sick room 
containing growing plants ; that the gas must be of a certain degree 
of concentration to produce injury is capable of equally simple 
demonstration. Theoretically, the gases escaping from the smelter 
staok qniekly mix with the outer air and are so diluted as to be- 
oome hanolets. Practically, it appears difficult to secure complete 
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mixing of escaping gases with the great mass of the atmosphere and 
tliey frequently travel to a considerable distance in nearly their 
original state, as the muddy water of a small tributary is often 
distinguishable in the clearer water of a large river for long dis- 
tances below the point of inflow. Where the percentage of sulphur 
on the charge is low, this is no great matter, as the undiluted 
gases are not concentrated enough to produce injury, and smelting, 
works have, for example, long operated undisturbed among the 
fertile farms of New Jersey. But where the sulphur content is high, 
as in pyrite smelting, the degree of concentration becomes danger- 
ous, and the injurious eft'ects of the gas may be increased by a moist 
climate, which tends to heighten the eifect of SO2, or by the topogra- 
phy, which may produce atmospheric currents that carry the escaj)- 
ing fume, undiluted, into contact with nearby vegetation. 

Blowing air into the base of the stack by means of fans has been 
tried, but that the power cost is a disadvantage of this method is 
obvious. Converting the SOo into SO3, which may be made into 
sulphuric acid, is done at the plant of the Tennessee Copper Com- 
pany, and the objectionable gas is thus made a source of profit. But 
this cannot form a universal solution of the problem; the initial 
outlay required is too great for small companies and if all smelting 
plants engaged in the manufacture of acid the market would be 
inundated. Tt is also necessary that the fume shall have a high 
concentration in SOo to allow its economical conversion into acid 
The problem is accentuated by the legal requirements of some states, 
which provide tliat escaping' fume must have a sulphur content so 
low as to be proeurahle only at a prohibitive cost. As described on a 
followiiij^ p^^'<\ ^li'- Stewart W. Younp: has attacked the problem 
boldly by proposin<r the reduction of the SOo to sulphur by hydro- 
carbons usinj? ealeinin sulphide as the intermediary. The suggestion 
is a novel one and the results of trial upon a working scale will be 
of niueh interest. Evidently one problem will be to bring the fume 
thoroughly into eontaet with the calcium sulphide without inter- 
fering seriously with the draft. In this connection it may be noted 
that in the early stages of the Gay ley dry-blast process it was sug- 
gested that the blast be passed over calcium chloride, to which it 
would give up its moisture, the chloride to be regenerated by pass- 
ing the gases of combustion over it. The mechanical difficulties of 
this method were found insuperable, though recent reports from 
Germany are to the effect that the method is being successfully 
practised there. In many other cases where a reversible reaction 
has been made the basis of a continuous process it has been found 
that after a number of reversals the reaction becomes slow and in- 
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complete. The question of cost is the vital one, and the sulphur 
produced can scarcely be counted on as an asset. The cost data 
of experiments upon a working: scale will he the criteria of success, 
and mean^vhile we assume the prerojyrative of extending the thanks 
of the prof ession to Mr. Young for his efforts toward the solution of 
an urgent metallurgical problem. 



THE THIOOEN PROCESS FOB REDUCTION OF SO, IN 

SMELTER FUIiSE * 

By Stewabt W. You no 
(September 23, 1911.) 

The difficult situation of the smelting industries of the United 
States at the present time is too generally understood to need any 
extended discussion here. The fumes which escape from the various 
^ui-jiaces, especially from roasters, carry in many cases quantities 
^^ substances that are destructive to vegetation and in some cases 
poisonous to stock. The result is that in some cases it becomes 
ii'^passible to carry on the two industries of agriculture and smelt- 
to S" in the same district, and a number of imi)ortant smelters have 
b*^^n enjoined from operating by court orders issued on complaint of 
fiii'iners. 

The most important of the deleterious substances contained in 
BTHelter fumes are arsenic compounds, sulphur trioxide, and sulphur 
dioxide. Various devices are at present in successful use for hand- 
ling the first two of these substances. Both the bag-house systems 
and the Cottrell apparatus are able to remove the arsenic and the 
sulphur trioxide from the fumes, but neither is able to remove 
sulphur dioxide. The reason for this is that the sulphur dioxide 
is present in the form of a true gas, while the above mentioned 
methods are able to handle only substances in the form of solid 
particles, which is the form of occurrence of the arsenic and the 
sulphur trioxide. 

The only device for mitigating the sulphur dioxide evil that 
seems to be in use is that of diluting the stack gases with large 
quantities of fresh air so that the concentration of the sulphur 
dioxide is at a minimum. The benefits of this method are probably 
considerable where comparatively small amounts of sulphur dioxide 
are released, but in case very large quantities are released its bene- 
fieial action is at least questionable. It might be imagined that since 
sulphur dioxide is very readily soluble in water, the stack gases 
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might be sprayed, and the sulphur dioxide eliminated in this way. 
But the solution of sulphur dioxide is equally as poisonous as the 
gas itself, and there is no practicable way of getting rid of it. The 
problem, then, seems to narrow itself down to some process for 
chemically converting the sulphur dioxide into some other substance 
that may be utilized, or that at least is innocuous. To the chemist 
there are two, and only two, means which seem at all feasible for 
the accomplishment of this purpose. They are : 

(1) The conversion of the sulphur dioxide into sulphuric acid. 

(2) The conversion of the sulphur dioxide into free sulphur or 
brimstone. 

There are various methods whereby the first of these reactions 
may be brought about, and these are used in some places, as, for 
example, at the Ducktown smelter. The chief obstacle to its exten- 
sive use is the comparatively limited market for the sulphuric acid. 
It is practically impossible to store the enormous quantities of this 
substance that would be produced, and still more is it impossible 
to throw it away in considerable quantities. Like sulphur dioxide, 
it will kill vegetation and fish. The possibility of converting the 
sulphur dioxide into free sulphur seems to have received very little 
attention up to the present time. Sulphur is an innocuous substance 
and, provided a reasonably economical process is devised, its elimi- 
nation from smelter gases in this form would seem to offer an 
ideal solution of the problem. 8upi)Hes of sulphur for many years 
to come would be established, and the present serious check to the 
smelting industry would be overcome. It is the purpose of this 
paper to give a brief sketch of a process whereby this result may 
be accomplished. 

The elementary chemistry involved in the reduction of sulphur 
dioxide is extremely simple. The reduction may be accomplished 
by means of carbon or by means of hydrogen, or, still better, by 
means of compounds of carbon and hydrogen, such as crude petrol- 
eum and the like. Assuming, for simplicity's sake, a hydrocarbon 
of the formula CHj, the reduction should proceed as follows: 

SO2 + CIL = S + CO + ILO 

That is, the carbon is converted into carbon monoxide, the hydro- 
gen into water, while the sulphur is left in the free state. It may 
be stated at the outset, that since the conversion of sulphur dioxide 
into free sulphur and free oxygen is a reaction that involves an 
absorption of energy, such reaction cannot be accomplished with- 
out supplying such energy. Thus there will always, of necessity, 
be a fixed cost for materials used in any process operating in this 
way, and no purely catalytic process can accomplish the result. In 



BECENT COPPER SMELTING 271 

the above reaction the energy used is supplied by the hydrocarbon. 
While from the above statement of the case, the problem seems 
to be readily solved, this is, as a matter- of fact, not the case. Very 
serious difficulties stand in the way and these are partly chemical 
and partly mechanical. The more important of these difficulties 
are the following: 

(1) The presence of free oxygen in the gases to be treated, bring- 
ing^ about a serious waste of hydrocarbon. 

(2) The slowness and incompleteness of the reactions even when 
oxygen is not present. 

(3) The fact that all the available energy of the hydrocarbon 
is not utilized, since carbon bums to monoxide instead of dioxide. 

" All of these difficulties have been met and solved in the laboratory, 
and although it is not possible at present to discuss in detail the 
devices whereby these things have been accomplished, there is no 
objection to making public a general sketch of the main points of 
the process. 

The Thiogen process has been put into a practical form by carry- 
ing out the reaction discussed above in an indirect way. The 
siilphur dioxide is first absorbed by means of a basic sulphide, 
either in the wet or dry state, the one chosen for most work being 
ealcium sulphide. The reaction which takes place here results in 
the formation of calcium sulphide and free sulphur. The presence 
of oxygen in the gases does not interfere in this reaction to any 
appreciable extent. That is, the reaction with the sulphur dioxide 
is very rapid, while that with oxygen is very slow. 

The second step in the process consists in removing the free 
sulphur from the calcium sulphite, which may be accomplished by 
distillation or other suitable means. The third step consists in the 
reduction of the calcium sulphite by means of hydrocarbons. This 
reaction results in the regeneration of calcium sulphide which again 
enters into the reaction in its first stage. That is, it is used for 
the further absorption of sulphur dioxide. Under ordinary condi- 
tions the reductions of the calcium sulphite to sulphide is a matter 
of considerable difficulty, the reaction being rather slow, even at 
high temperatures and resulting in the conversion of the carbon into 
monoxide instead of dioxide as is desirable. A method has, how- 
ever, been devised whereby the reaction takes place readily even 
at relatively low temperatures, and whereby the complete com- 
bustion of the hydrocarbon is assured. An adaptation of the 
process has also been devised whereby gases which are free, or 
nearly free, from oxygen may be handled with a much increased 
mechanical efficiency. In fact, the fundamental principles upon 
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which the process depends offer very considerable possibilities « 
adaptation to suit special conditions. Incidentally, considerate 
progress has been made toward adapting the process to the reeover; 
of fine dust. The reactions involved in the indirect method, es 
pressed in chemical symbols, are as follows : 

(1) 2CaS + 3S0, = 2CaS03 + 3S 

(2) 2CaS03 + 2CHj == 2CaS + 2C0, + 2H,0 

To anyone versed in chemistry it will appear at once that here, 
in an indirect manner, is accomplished precisely what is done by 
the more or less theoretical equation given in the earlier part of 
this article, except that here the combustion of the hydrocarbon 
is more complete. In any event, the fixed cost of the process is a 
quantity of a reducing agent (here hydrocarbons) sufficient to re- 
duce the sulphur dioxide. 

Another reaction which is made use of to some extent depends 
upon the fact that when sulphur dioxide is passed over a heated 
sulphide ore, the sulphide ore is roasted, and that almost as com- 
pletely as if air were used. Expressed chemically, this reaction 
is a follows : 

3PeSj + 2SO2 = PcaO^ + 8S. 

In this case the ore itself becomes the reducing agent and the 
fuel oil charge is avoided. The reaction is, however, slow and re- 
quires external heating to give any great capacity. On the other 
hand, it is found to be a valuable adjunct to the other processes 
above described. 

The ultimate eflficieuey in the application of these principles will 
naturally be greatest in a plant in which the adjustment is so made 
that the greatest amount of sulphur dioxide may be handled with 
the least expenditure of hydrocarbon, and with the least expendi- 
ture of installation and operating expenses. Whatever may be the 
most economical plant for accomplishing this ptirpose can be told 
only from actual operation, but this much at least seems certain, 
that, from the chemical point of view, the maximum economy of 
these processes must probably be the maximum economy attain- 
able in any process for the production of free sulphur from sulphur 
dioxide. The reasons for this are briefly as follows: 

(1) A certain perfectly definite expenditure of energy in the 
form of a reducer is absolutely necessary to produce sulphur from 
sulphur dioxide. 

(2) The processes above disctissed operate by applying this 
energy in the cheapest known form, namely hydrocarbons, and 
further take advantage of a certain possible saving through a re- 
duction by means of the ore itself. 
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Thus in order to devise a process whose theoretical chemical 
eflSciency is greater than that of the Thiogen process, it will be 
nt^cessary to discover a reducing agent cheaper than the hydro- 
c^irbon oils, which seems not likely to happen. It would not be 
fair to close this article without expressing my deepest thanks and 
appreciation to Messrs. John T. Overbury, H. G. McMahon, and 
HCamilton Sanborn, of San Francisco, whose assistance, financial as 
A\"t^ll as personal, has made possible the development of the Thiogen 
pi-ocess to its present state. 



EXPERIMENTS WITH THE THIOGEN PROCESS 

By Frank L. Wilson 
(April 6, 1912.) 

-At a lecture recently delivered before the Mining Association of 
the University of California, S. W. Young, professor of physical 
chemistry at Leland Stanford Jr. University, gave a very interej?ting 
and detailed account of his Thiogen process and the results so far 
obtained. His remarks, in slightly condensed form, follow. 

The gases and waste products issuing from the flues of roasters, 

blast-furnaces, reverberatory furnaces, and converters, are made 

"P for the most part of flue-dust, SOo, SO.^, COj, and nitrogen in 

^^fying proportions. The main sources of these products are the 

r^^asters and blast-furnaces. The flue-dust is largely caught before 

leavijig the stack, while the gases pass out into the atmosphere. 

^^ most troublesome of these gases are the SOj and SO3. The 

^Oj, being but a small part of the gas, has not proved of import- 

^Dce, but the SO^ issues from the stacks in large quantities and 

travels great distances. One method of present-day practice is 

*^ <1ilut€ the gases by mixing with suflfieient air to meet the re- 

^'*ii*ements of the law before discharging into the atmosphere, and 

"^^^tofore no attempt has been made to recover the sulphur as such. 

^tie present sulphur supply is obtained from the sulphur wells 

^' t-^ouisiana, and the natural deposits of Japan, Sicily, and Mexico. 

^^ "tie present time sulphur is being discharged into the atmosphere 

^^OTxx the stacks of different metallurgical plants (1000 tons of 

P^'^ite ore discharging approximately 800 tons of SO2). To recover 

**J^^ sulphur it is necessary to have some reducing agent to com- 

hine with the oxygen of the SOo. Carbon has been tried, the SO^ 

gas being passed over red-hot coke. This process was found to be 

expensive and only partly successful. In the Thiogen proceaa 
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an oil spray is used to furnish the necessary carbon, and the reaction 
is shown by the following equation: 

SO, + CH2 = S + CO + Ufi 
Ordinarily the CO would reduce more SOj as is shown by 

4C0 + 2SO2 = 2S + 4CO2 
but this reaction takes place very slowly. In the presence of a 
catalyzer, however, the reaction is accelerated. It has been shown 
by the Mannheim process that in the manufacture of sulphuric acid 
the reactions are accelerated by means of a catalyzer in the form 
of FcjOa. The SOj gases are passed over hot FcgOj 

SFe^Oa + SO2 = 2Fe304 + SO3 
and the Fe.>04 again reacts with the free oxygen in the gas 

2Fe304 + = SFe^Oa 

A suitable accelerating reagent was found in calcium sulphide. 
Potassium and other alkaline sulphides might be used, but calcium 
is the cheapest and the most infusible of them all, standing quite 
high temperatures. As a catalyzer the calcium sulphide acts as 
follows : 

2CaS + 3SO2 = 2CaS03 + 3S 
and in the presence of a reducing agent, as vaporized oil, the CaSOg 
is reduced to CaS 

CaSOa + CH, = CO., + H,0 + CaS 

In laboratory experiments these reactions are rapid, especially so 
when iron salts are present in the catalyzer. No CO was formed, 
and all of the carbon combined with the oxygen to form CO^ direct. 
The mixture of CIL and SOj may be passed over almost any calcium 
compound, as CaCO,, or CaS04, and the resultant compound is CaS. 
In ease the gases contain free oxygen, this must be taken care of 
before the CIL will replace the oxygen in the SOj, and this diffi- 
culty presents the worst drawback to the process from an engineer- 
ing standpoint. A stiitable temperature must be maintained for 
the gas passing over the catalytic agent. 

It is preferable to clean the gas as thoroughly as possible and 
concentrate it before allowing it to pass to the combustion chamber. 
An 8S S0._. content has been obtained by passing the resulting gas 
pro<lucts from one roaster through a large drum (a Fig. 45) to 
another similar roaster, the draft being controlled by means of 
dampers (/*K The gas finally passes through the connecting flue (r) 
to the apparatus. 

The roasters at Canipo Seeo, when* this process is being tried 
expenmentally, are of an old type, not constructed to control the 
amount of oxygen passing in so that all the admitted air may be 
utilized, and 8 or 5>^r gases are the best that can be obtained. 
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The vaporization of the oil is accomplished by the use of steam 
injected burners, as shown at a. Fig. 46. This spray of oil is 
directed into the combustion chamber, which consists of a checker- 
work of brick, and a temperature of about 800°C. is obtained. Be- 
yond this is a reacttoo chamber, similarly filled with a checkerwork 
of brick. This chamber is 414 ft. square and 30 ft. long, and is 
more than able to handle the gases from the two roasters. The 
spaces in this checkerwork of brick are nearly filled with a mixture 
of equal volumes of plaster of paris and sawdust wetted with water, 
to which a smaU amount 0^ iron salts is addetl. This mixture has 
the advantage that it decreases the ainunnt of plaster of paris used 
and gives a porous mass. The sawdust burns out and the (laSOi 
reduces to CaS quickly, the mass shrinking so as to till about half of 
the space between the bricks. Condensing chambers are necessary 
to collect the sulphur liberated. Cast-iron condensers were found 
to be too leaky, and at present an inverted V-shaped pipe is used 
(see b, Fig. 46), each condenser having a sloping floor with a trap- 
door. Difficulties were encountered in thiR chamber. Any selenium, 
arsenic, or antimony compounds that the ore contains distill over 
and condense with the sulphur. To overcome this a low, broad, 
•lightly inolined, condensing chamber can be used, in which water- 
sprajs cool the gas below the boiling point of selenium and arsenic 
(about ^50''C.), or about SOO'C, the selenium, arsenic, and antimony 
beiog deposited cm projecting tiles placed in the walls of the cham- 



ber for that purpose, aud finally drawn off through traps in the lowc j 
comers. The sulphur, having a Iowit Imiling point, passes od ani^^ 
is caught in the regular condensing chamher described above. 

Tight const TO eti OH is required Ihroughoitt, and the brick walls 
so far used have been too porous to wilhstaud the inward pressiirr 
of the air due to the vacuum caused by the draft up the stack. 
Leakage of air has been guarded against by meant; of sand sealing. 
Trouble also occurred through ends of the chambers being forced 
out, due to expansion of the brick, and it is hoped this will be over- 
come in a great measure by building the separate chambers inde- 
pendently and allowing for telescoping, using sand sealing to guard 
against air leakage inward. 
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Three trials have been run so far at Campo Seco. The first was 
largely to show the supervisors that the process was feasible. The 
apparatus used consisted of a 4-in. pipe connecting with the Hue and 
discharging into an 8-in. pipe. 5 to 6 ft. long, in which the contact 
material was placed. A gasoline burner was placed at the junction 
of these two pipes and the necessary CH, and heat obtained. Lead- 
ing from the 8-in. pipe, a 2-in. pipe discharged into a large iron 
drum. At a point in the drum above the 2-in. pipe a spray of water 
was allowed to play on the gases, the resultant liquid being tapped 
from the bottom of the drum. This resultant liquid showed free 
sulphur and was milky white in appearance. Connected with the 
drum by means of another pipe was a blower that drew the gases 
through the apparatus with considerable velocity and discharged the 
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soot and the gas on a piece of corrugated iron. Analysis of this 
soot showed free sulphur. The escaping gas was nearly free from 
SO2. 

The second trial was made about a month ago, and on a larger 
scale. There was considerable leakage of air and consequently con- 
siderable oxygen came in contact with the free sulphur and com- 
bined with it. Heat was generated by this combustion, and the 
temperature at the condenser was raised to slightly over 950°C. 
iVnalysis of the gas showed 5.6% SO, at the inlet and 0.2% at the 
condensing chamber, a decrease of 5.4%, or above 97% of the sul- 
phur dioxide present. 

On March 11 the present condensing chamber was ready and the 
apparatus tried (see Fig. 46). Trouble was encountered shortly 
afte^r the burner was started. The temperature ran up beyond 
1100°, and on shutting down it was found that someone had shut 
off the spray-water, and as a result the sprays were burned out 
ancil rendered useless. A tremendous draft was developed, due to 
th^ excessive heat. The present sprayers are an improvement over 
th^ former ones, in that they cause the spray to be thrown in all 
dix*ections, thus cooling the gases more uniformly. 

The cost of repairs cannot be estimated at the present time. Gases 
from the roasters have been passed for some time through the 
apparatus without settling out the flue-dust, but if the dust is 
settled out, the apparatus can run indefinitely without becoming 
c^^gged. Gypsum is not very expensive and the old contact material 
is not wasted, as it can be used in the smelting operations. Indica- 
tors are now being devised to register the percentage of SOo in the 
gas automatically, the supply of gas in turn being regulated by 
dampers placed at convenient points. Any excess oil burned will 
be taken care of by the CaSOs, and any excess SOo by the CaS. 
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SMELTING AT OAMPO SEOO, OAUFOBNIA 

By M. W. VON Bernewitz 
(December 6, 1913.) 

Ill a hilly and somewhat rou^rh district, although ouly at an 
altitude of a trifle over 300 ft. on the Calaveras county side of the 
Mokelumne river, is the property of the Penn Mining Company. 
The mine has been opened to a depth of 1400 ft. by the main incline 
shaft, while below this a winze has been sunk another 300 ft. The 
country rock may be described generally as a greenstone, and the 
ore contains about 5% copper, a large amount of baryta, and a gold 
and silver content of $1 per ton. This, it will be admitted, looks 
like a fairly complex smelting problem, but as is shown by the 
following description of the process, the ore is not troublesome. 

From the main and No. 2 shafts the daily tonnage hoisted is 100 
and 40 tons, respectively, that from the latter being higher in silica 
than from the main part of the mine. All over the surface of the 
property are tracks laid for the Vulcan steam locomotive, which 
hauls the ore in Weiner side-dumping 5-ton capacity cars to a 90-ton 
storage bin. From this the coarse ore is fed to a Gates No. 3 D-type 
crusher, and the fine passes through a grizzly. All of the crushed 
material and that from the grizzly is taken by an elevator to a 
trommel having %-in. holes. The undersize from this goes direct 
to a conveyor-belt, w^hile the oversize passes through a McFarland 
16 by 36-in. set of rolls, then on to the belt with the undersize. An 
improvement is to be effected here before long in that the roll pro- 
duct will go through a second trommel with %-in. holes, the oversize 
to be fed to a pair of 12 by 24-in. rolls. Roll shells last three 
months. All the ore is next conveyed to bedding bins having a 
total storage of 2100 tons, of which 700 tons constitutes one lot. 
which is independently sampled. 

Cars holding 1.3 tons of the bedded ore take it to the 8 McDougall 
roasting furnaces of the Pacific Foundry type. These are 11 ^^ ft. 
diameter and have 7 hearths and a drying floor on top. Originally 
they had only S hearths, but the addition of another, and the 
drying floor, increased each furnace's capacity by about 20^. 
Rabbles are air cooled by natural draft, but if neces8ar>% air m»y 
be forced through by fan. The speed is one revolution in 
65 seconds, with worm drive, no fuel is used, and the sulphur is re- 
duced from 26 to 8%. Dust losses are 1^/^% of the crude ore, but 
a fair quantity of this is saved in the 10 by 10-ft. flue, leading to 
the 6 by 85-ft. steel stack, which also serves the smelting furnace, 
being 125 ft. above it. A 15-hp, motor drives the roasting furnaces- 
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The roasted ore is trammed to the charging hoppers over the rever- 
beratory furnace after being weighed. 

The reverberatory is of Anaconda type, 20 by 56 ft., of 788 sq. ft. 
effective hearth area, the roof and sides tapering toward the firing 
end. The roof has a rise of 20 in. at the centre, while the bottom 
is of fused silica of local quartz, and the sides of silica brick, then 
magnesite brick on the slag line, the thickness originally being 27 in. 
The furnace is oil fired, there being three burners of local make, oil 
being delivered at 80 lb. and steam for atomizing at 100 lb. pres- 
sure. Over a period of nine months the oil consumption averaged 
43 gal. per ton of ore smelted, this costing $1.15 per barrel delivered 
at the works. Charging the furnace with ore is done about six 
times per 8-hour shift, each charge being 6 tons. During this woik, 
the oil blast is shut off. Ordinary charge holes in the top of a 
reverberatory bum out in 6 to 8 weeks, but the water-cooled cast 
iron holes have been in 10 months. Slag is drawn off about every 
five hotirs into 25 cars holding 2000 lb. of this muterial, and the 
matte is drawn off once or twice daily, the same cars holding 2700 
lb. of this product. The cars are taken to the slag or matte dumps 
as desired, by an electric locomotive. There is a Concentration of 
10 into 1, and the matte averages 55% copper, and is crushed, 
sampled, sacked, and shipped to the American Metal Co. of New 
York for refining. There is also $20 per ton in gold and silver in 
the matte. Copper content of the slag is 0.5%, and with 45% matt- 
it decreases to 0.4%. It will be seen that with no fluxes and at one 
operation this complex ore is reduced with no trouble, giving an 
unusually hip:h-gra(le matte and low slag. 

In the flue from this ftirnace, which has been in successful opera- 
tion since February last, is a 250-hp. Stirling waste-heat boiler 
which grenerates enoujrh steam to drive a Buckeye 150-hp. cross- 
compound engrine, which is belted to a 120-kw., alternating-current, . 
440-volt j^enerator, also a small direct-current generator, these sup- - 
plying the i)0wer for the whole plant. 

A new reverberatory furnace is being constructed near the one^ 
described and will be blown in early next year. It will have a simi — 
lar roof, but the walls will be of 9-in. brick only, of silica and mag ^ 
nesitc as usual, 19 by 60-ft. hearth area, and double ended, the fire- ^ 
to be reversed after every charge. This system is hoped to.giv — 
good results. 

During 1912 the Penn mine produced 51,162 tons of ore yieldii 
6,058,449 lb. of copper, 112,020 oz. silver, and 2867 oz. gold. A. 
Bussey is superintendent of this interesting property, with D. 
Smith as metallurgist. 
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THE HALL SULPHUR PROCESS 

(Editorial, July 5, 1913.) 

Copper metallurgists everywhere, but especially in California, 
will be keenly interested in the Hall process for dealing with the 
sulphur in smelter fume, with which the First National Copper 
Company is about to undertake experiments upon a working scale 
at its smelter at Coram, California. Mr. William A. Hall, who has 
devised the process, is a graduate of the Massachusetts Institute of 
Technology, and a chemist of distinction who has made notable 
successes in the field of industrial chemistry, being a cousin of the 
chemist of the same name who devised the process for the pro- 
duction of aluminum by electrolysis of bauxite in a fused bath of 
cryolite. The Hall sulphur process is essentially a controlled oxida- 
tion; the sulphide ore being roasted in a specially-constructed fur- 
ii&oe in an atmosphere of reducing gases and steam at a tempera- 
tar'e between 700 and 900°C. As a result, the metallic bases are 
ox^idized, but the sulphur, owing to the dissociation of the steam, 
csc^apes without becoming oxidized and, passing off in the fume in 
tli.^ form of * flowers of sulphur,' is easily collected. Careful tests 
n^^de under the direction of Messrs. C. F. Chandler and A. L. 
^V^«dker, indicate that the chemistry of the new process is sound, 
Hx*. Walker finding that ore containing nearly 40 per cent of sulphur 
"^^^ roasted to a sulphur content of 3 to 5 per cent at a rate which 
^^^ciicates that approximately the same tonnage per square foot of 
li^arth area can be handled in this way as is done in current practice 
^"^th the ordinary type of McDougall furnace. No data have been 
"^^de public as to the fuel consumption to maintain this roasting 
®I>€ed, exact information as to this critical point being one of the 
^^Jects of the large-scale experiments about to be started at Coram. 
^i^e collection of the sulphur will be done by the aid of the Feld 
^^^aher, though the possibilities of collection by means of the Cottrell 
^' Metric precipitation process are also to be tested. The process 
^^il\ at first be applied to the McDougall roasters. 

The large question involved is, of course, the disposal of the sul- 

Phiaj. to be produced. Application of the process to all the ore and 

^Pej^ation at the rate maintained at Balaklala in 1910 will involve 

^he production of about 250 tons of sulphur per day, or somewhat 

^^ ojccess of the present visible local market, assuming that the sul- 

phvir can be laid down at points of consumption at a price which 

^c>iiJd enable it to supplant the pyrite now in use, as well as the 

''a tiler limited amount of Japanese and Louisiana sulphur now beiiijr 
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used in California. The estimated cost of sulphur production is plac- 
ed at $5 per ton at a maximum, at which rate the sulphur would 
easily be able to dominate the market and perhaps increase c<msnmp- 
tion, as a lower selling price commonly does. In any case, any finan- 
cial loss, not to exceed y^, cent per pound of copper produced, for ex- 
ample, incurred in the produ.^tion of sulphur may properly be charg- 
ed to the cost of smelting under the conditions obtained in Shasta 
county. Under previous conditions of opc^tting at Balaklala, a 
productiim cost of 10 cents per pound of copper produced was esti- 
mated, though operating difficulties caused it to be somewhat ex- 
ceeded in practice. The new process, if it proves feasible, will meet 
fully judicial restrictions, and if the cost of operation proves 
sufficiently low, will solve the smelter-fume situation as far as the 
First National is concerned. It is proposed to spend considerable 
sums on the experimental work, under the direction of Mr. H. F. 
Wierum, who has had extensive experience with the Tennessee Cop- 
per Company, and the prospect of success seems decidedly favorable. 
But, like the manufacture of sulphuric acid from smelter fume, the 
process is not one which is of universal application, as its general 
adoption would at once swamp the market on which dependence 
is placed for meeting the cost of operation. The foreign rights to 
the Hall patents have been acquired by the Sulphur Company, Ltd. ^ 
and the American rights are controlled by the Federal Sulphr 
Company, Ltd. We wish both companies the fullest measure 
success in their efforts to meet a situation trying in the extrei*r^< 
to copper metallurgists throughout the world. 
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RELATION OF OHEMISTBT TO METALLURGY 

By Abtuub C. Clauuet 
(March 4, 1911.) 

♦Among the large number of processes that might be quoted as 
illustrating the debt of metallurgy to chemistry, I venture to select 
the following: 

The 'cementation', or precipitation process as applied to cuprifer- 
ous pyrite at the mines in the south of Spain, and in adjoining dis- 
tricts of Portugal. This group of mines is traversed by a belt of 
cupriferous pyrite, containing 2% copper, with 46 to 47% sulphur. 
The processes used on the spot for the extraction of the copper be- 
long both to chemistry and metallurgy. This is a case where chemi- 
* eals are fonned naturall}^ and in place, for the purpose of rendering 
the copper soluble. Briefly, the process consists in building up 
enormous heaps of mineral, so arranged that air can penetrate 
through them; water is pumped on them, and, aided by the heat of 
the sun, chemical reactions are set up ; the copper sulphides are more 
easily oxidized than the iron pyrite, and are dissolved by the water, 
^he resulting solution finds its way through the mass of the ore, and, 
after passing through a filter-bed of small pieces of pyrite, is led by 
*i>itable channels to precipitation-vats, where the copper is pre- 
cipitated by means of pig iron, the precipitate being subsequently 
collected and sent to the smelting works. The pyrite heaps, after 
^heir copper content has been extracted, are sold to sulphuric acid 
^^rks, whence, after burning out the sulphur, the oxidized residue 
'^ sold to iron works to be smelted. The copper precipitate is sold 
^ the copper smelter. 

This appears to be a simple process, but it has its complications. 

^ he chemist must thoroughly understand the reactions in order 

^<> regulate the cost, and to be able to produce a copper precipitate 

^^ free as possible from impurities, so that the best prices may be 

obtained. This requires metallurgical as well as chemical knowledge, 

hat is, information concerning the requirements to which such pro- 

*^^cts must conform at the hands of the smelter and in the market. 

'^ this process the main reactions are as follows : Oxidation is pro- 

^^ted by the action of the air, which is naturally warm owing to 

he climate, penetrathig through the heaps, helped by the water 

^^^i*eolating through them. When (Uice the oxidation commences, 

- Abstract from Journal of the Society of Che^nical Industry, December 31. 
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considerable heat is generated; this must be carefully controlled. 
The copper sulphide becomes copper sulphate, and the iron sulphide 
becomes converted into ferrous and ferric sulphates. The ferric 
salt exerts a powerful action on the oxidation of further quantities 
of copper sulphide, being thereby reduced to the ferrous state, tiien 
re-oxidized to ferric sulphate, and so on. The liquor issuing from 
the heaps contains a large proportion of iron as ferric sulphate, 
and in order to lessen the consumption of pig iron, this liquor is led 
through filter-beds of fine ore, so that the ferric sulphate becomes 
reduced mainly to ferrous. It may here be remarked that much 
more iron is consumed in precipitating the copper than is required 
by theory, and this excess consumption is reduced considerably, ac- 
cording to the proportion of the ferric salt present in the liquor, be- 
fore it enters the precipitation-vats. The number of these vats, 
which are filled with cast-iron pigs, and the length of the series 
is determined by the work done by the iron ; that is, when the iron 
consumed costs more than the worth of the copper precipitated, the 
liquor is run to waste. In the iron precipitation process, the copper 
precipitate gets contaminated by the impurities present in the iron, 
and this affects the quality of the precipitate produced during the 
final stages. The pig iron used varies from 92 to 94% metallic 
iron, the remainder being carbon and phosphorus. In most 
descriptions of this leaching process the phosphorus is rarely 
mentioned. At certain stapes of the process the precipitate will 
thereforo contain considerable quantities of these two elements, 
carbon and phosphorus, and in addition arsenic from the ore itself. 
The arsenic also is chiefly thrown down in the final stages of the 
process. It is therefore desirable to collect the copper precipitate 
in grades of quality, as by doing so the precipitate will command 
a higher a vera pre price. The heaps, after having: been denuded of 
their copper, arc sold to sulphuric acid makers all over the world. 
On the av(»rafre. the washed ])yrite contains 45 to 50% sulphur, and 
the United States takes a considerably larger tonnage than any 
other nation. 

This is a brief descri]>tion of an important industry'. It requires 
considerable skill to keep costs down to the lowest limit, and to effect 
this object it requires well-trained technical men who possess sound 
knowledjije of mineral chemistry and metallurgical requirements. 
Some years ago the ore was roasted in heaps, but such enormous 
quantities of sulphurous acid fume were evolved that the agricul- 
tural country for miles around the mines was devastated, and the 
Spanish Government insisted that the mining companies should 
gradually abandon roasting and adopt the natural weathering pro- 
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cess that is now universal — an enlightened policy having regard to 
the magnitude of the industry locally. 

The treatment of Spanish cupriferous pyrite exported direct to 
Great Britain and other European countries for sulphur and copper 
extraction. The composition of this ore is much the same as given 
imder No. 1, except that it is richer in copper. This class of ore is 
first burned by the sulphuric acid manufacturer to extract its sul- 
phur. This reversal of the order of operations as practised in 
Spain is an example of the influence of economics. In both cases 
the ore is essentially the same, but one or two per cent more copper 
j)ermits of its direct shipment to centres where metallurgical facili- 
"Eies are greater, and where consequently a closer recovery can be 
:»nade, the additional profit outweighing the freight. The burned 
^3re is calcined with salt, and lixiviated with waters containing 
ydrochloric acid recovered from the furnace-gases by ordinary 
ondensation. The residue, representing the bulk of the ore, is 
hereafter sold to the iron smelter. The liquors pass to vats where 
he silver and gold (present in very small proportions) are separated 
y means of soluble iodide, and then pass to vats where the copper 
8 precipitated by wrought-iron scrap. The silver and copper 
recipitates are sold to smelters. 

Perhaps I may be allowed to touch upon the Claudet iodide 
>rocess used in conjunction with the ordinary Longmaid & Hender- 
son wet copper process as practised on this class of ore, more espec- 
ially as this process is now suffering a lingering death, and I have 
^fco interest in it, the patent having expired some years ago. I 
^hink I am correct in saying that no other chemical process has ever 
\)een able to make a profit out of an ore containing only 1 to IV2 oz. 
3Rilver per ton and 3 gr. gold, as the Claudet process did some years 
«go. This was only possible on account of the conditions existing 
at the time. First, the price of silver was 5s. per oz. when the 
process was invented by my late father, Frederic Claudet; now the 
price is under 2s. 6d. per ounce. Second, it was only applicable to 
copper ores when treated by the Longmaid-Henderson process; 
these were practically limited to Spanish cupriferous pyrite. The 
use of this silver process does not interfere with the subsequent 
precipitation of the copper. In the Longmaid-Henderson process 
the roasted pyrite, called 'burnt ore', obtained from the sulphuric- 
acid makers and containing 3 to 4V^% copper, is calcined with 10 
to 15% rock salt, and the ehloridized ore lixiviated with acid 
water; the resulting solution is then run into vats and the copper 
precipitated by iron. The strong chloride liquor held the silver 
chloride in solution, while silver iodide was found to be practically 
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insoluble. The method adopted was to place a series of vats in 
front of the copper precipitation-vats, and separate the silver 
therein as insoluble argentic iodide by means of a soluble iodide; 
the liquor was allowed to settle, decanted, and passed to the cop* 
per precipitation-vats. The silver iodide was collected and re- 
duced to spongy metal by means of zinc, the zinc iodide being used 
for a further precipitation of silver. About 1 oz. of silver and 2 or 
3 frr. of gold per ton of original ore were saved, and large profits 
were made. Under normal conditions, about 10 to 15% of the 
iodide was lost. The only condition required in the iodide process 
is that the calcination of the burnt ore with salt needs careful 
regulation in order to prevent the formation of subchloride of 
copper, which, if formed in any considerable quantity, militates 
against the success of the process, cuprous iodide being produced 
with a loss in iodide. The silver residue, containing 500 to 15,000 
oz. silver per ton, was smelted in the usual way. 

Pyrite smelting. — In this case it is the metallurgist who comes first. 
The direct smelting of low-grade pyrite copper ore, perhaps con- 
taining silver and gold, which by any other process would be of no 
value, is now successfully conducted in various parts of the world. 
The object to be attained is to perform the smelting operation in 
such a way as by a first smelting to obtain a matte containing 20 to 
25% copper, then by a second smelting to obtain a matte containing 
45 to 50% copper, the slag from this operation being rich enough 
to add to the first smelting. This rich matte is then run into con- 
V(»rters of the bossomer type, and by blowing air through the mass 
the combiislion of the sulphur is effected, a blister copper containing 
over 90% of the copper originally present in the ore is obtained, 
and 05% of the silver and gold is collected. Pyrite smelting has 
the advantage of avoiding the first roasting operation, as it deals 
with till' metallic sulphides direct, in place of their oxides, and by 
utilizing the calorific vahu* of a large proportion of both the sulphur 
and the ferrous irfui in the blast-furnace, permits of a great re- 
duction in the consumption of coke, an exjx*nsive item in cupola 
snieltin<.r. Tiuit ])ortion of the iron which is oxidized forms a ba«c 
for the siliea and thus reduces the consumption of extraneous flux. 
The portion of ferrous sulphide that remains unoxidized falls as 
matte, carrying the copper with it. 

Pyrite smelt in ^r is also practised with ])yrite gold and silver 
ores (Muitaining hut little copper. Some proportion of the latter is, 
however, necessary to act as a collector of tlu* precious metals, which 
the ferrous sulphide matte alone is inca])al)le of doing completely. 
As small a quantity as VL* to Vi% copper may, in some cases, be 
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sufficient to eflfect the collection of gold and silver into the matte. 
Pyrite smelting, in spite of its apparent simplicity, demands con- 
stant watchfulness on the part of the metallurgist to secure its 
maximum advantages. The final product is sold to the copper refiner 
and treated by electro-chemical means, separating copper of 99.9% 
and over, practically free from impurities, the silver and gold with 
the impurities remaining in the form of a mud, which is again sold 
to smelters for re-treatment. 

The electrolytic refining of the blister copper is a task belonging 
to the chemist, but he plays an even more important part in the 
recovery of sulphur from the furnace-gases evolved in huge quan- 
tities during the smelting processes that yield the copper matte. 
This work has been forced on the chemist on account of the devastat- 
ing eflfect of the sulphurous acid gases on vegetation. Agricultural 
land has suffered so much from their action that unless some method 
for their elimination from the air were found possible, pyrite smelt- 
ing in most cases would have to cease, and large smelting works 
would be compelled to stop. The best way to suppress a nuisance 
is to tuni the cause into a source of profit. During the last few 
years these deleterious gases have been turned to account, and large 
quantities of sulphuric acid are now made from them by the * con- 
tact' process, ahd the intensive chamber process. In dealing with 
immense quantities of ore, as in pyrite smelting, every endeavor in 
the way of reducing working costs has to be made, and as the plant 
must be made and designed for as nearly automatic working as 
possible, the mechanical engineer takes a prominent part. I may 
mention here that the sulphuric acid is mainly used for the manu- 
facture of superphosphates, the raw phosphates being shipped to 
the works from a long distance. Thus, instead of pyrite smelting 
being a curse to the agriculturist, it becomes a blessing. 

The maiiufactiire of copper sulphate. — ^At first sight this would 
Reem to be a chemical process, pure and simple, but on looking into 
it, various metallurjgical operations are found to play a part in the 
process. Copper sulphate is produced on a large scale, either by the 
direct treatment of smelted copper or as a by-product from somo 
other process, such as in the refining of silver and gold l)nllion, wtioro 
copper is used as a reagent, and has to \ye recovered. 

As a direct process, the smelter in its operations produces copper 
bars, which may contain silver and gold; these are granulated and 
treated with sulphuric acid, and, with the aid of air, the copper is 
brought into solution, from which the copper sulphate is crystallized 
out, leaving an insoluble residue which is smelted for its silver and 
grold. An important factor in this process is that iron sulphate, the 
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enemy of copper sulphate, is nearly absent from the copper sulphate 
crystals. As a by-product, this salt is obtained in the process of 
refining silver and gold bullion, a suitable alloy being made up by 
melting the bullion with silver 2V1 times the weight of gold and 
copper 1/4 the w^eight. This mixture is granulated and boiled with 
sulphuric acid in suitable vessels ; the gold remains as a mud, which 
is collected and melted into bars; the silver goes into solution and 
is precipitated by metallic copper, to be melted into silver bars. The 
liquor is then subjected to crystallization and yields copper sul- 
phate, thus recovering in a marketable form the original copper 
added in the refining process to precipitate the silver. 

The Pearce process of treating auriferous copper was the product 
of both chemist and metallurgist. The main feature in this process, 
which has now been replaced by later methods, was the discovery 
by Richard Pearce that a granulated alloy of copper and gold, w^hen 
melted with iron pyrite, yielded some of its copper to form a matte, 
but the gold remained in the unattacked copper; by repeating the 
process a number of times the whole of the copper is separated 
from the gold. This method was worked in conjunction Avith the 
well known Swansea smelting and the Ziervogel processes, the 
latter of which is of a purely chemical nature. 



WET METHODS OF COPPER EXTRACTION 

(Editorial. September 21, 1912.) 

a 

Perhaps the most confidently expected advance in the art of 
metallurgy is the devising of a wet method for thcf extraction of 
copper from its ores upon a large scale and at a good profit. Legions 
of methods have already been devised, but none which meet the 
governing conditions of applicability upon a large scale, and yield 
of a satisfactory profit. How great a demand exists for such a 
method can be readily realized from the fact that in Utah 4,500,000 
tons of material carrying 10 pounds of copper per ton is yearly 
escaping through the tailing launders of the copper concentrators, in 
Montana an equal amount of even richer material is similarly escap- 
ing, while in Nevada, Arizona, and other states the losses probably 
serve to bring the total up to 200,000,000 pounds of copper annually 
run to waste in the tailing from ore-dressing plants treating sulphide 
ores. Ore dressing is a highly developed art, but it is one that is no 
well adapted to extract small quantites of a valuable mineral from 
large quantity of gangue unless the valuable mineral is free fronK=^ 
the gangue and of much greater specific gravity, as in the case o ^ 
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gold-bearinfj gravel. Metallic ores are eomraonly intimately asso- 
ciated with the gangue, the difference in specific gravity is often not 
«j:reat, and, most unfortunately, ores are frequently so friable as to 
yield, during crushing, considerable amounts of material which is in 
so finely divided a state as to bid defiance to all ordinary ore-dress- 
ing methods. While it may be reasonable to hope that the losses in 
tailing may be decreased, for example, from 10 pounds per ton to 6 
pounds per ton by improvement in ore-dressing methods, there can 
be little doubt that the uRimate 5 or 6 pounds of copper in the tailing 
from the concentration of sulphide ores will forever continue to re- 
sist all efforts for its recovery by mechanical concentration. 

The ease with which a part of the copper in ores can be extracted 
by wet methods has stimulated efforts to discover a commercial 
method, and in a few cases success has been attained. But, as a 
general statement, it is safe to say that wet methods for the ex- 
traction of copper from its ores have not yet been successfully ap- 
plied on a large scale. Some of the difficulties are those common to 
all wet processes, others are peculiar to the treatment of copper 
minerals. Before the cyanide process had reached its present de- 
velopment the hope of ultimate success was much more slender than 
now. The cyanide operator has largely solved the many mechanical 
problems incident to the handling of crushed ore and solutions, and 
their separation, and the metallurgist who wishes to treat copper 
ores by wet methods has, therefore, an accumulated fund of exper- 
ience and achievement which forms an invaluable asset. Cyanida- 
tion experience cannot be applied en bloc, however, for the richest 
silver and gold-bearing material which has been treated by cyani- 
dation carries only 85 ounces of precious metal per ton. Treating 
material worth $1.50 per ton carrying 160 ounces of metal offers a 
decidedly different problem from the treatment of material worth 
$500 per ton and carrying 85 ounces of metal. 

The chemical problems involved in solution methods for the ex- 
traction of copper are the most baflfiing. The tailing previously 
inentioned consists largely or entirely of sulphides, and no feasible 
niethod has yet been devised for the treatment of raw sulphides. 
The material must first be roasted, and even w'here this can be ac- 
complished for less than 50 cents per ton, it forms a heavy addition 
^o the total cost of treatment of material worth only about $1.50 per 
^H. After roasting, the ore may be treated by solutions of alkaline 
Cyanides, sulphites, sulphates, or chlorides. The alkaline cyanides 
^^ve the advantage of extracting the precious metals present along 
^ith the copper, but the consumption and mechanical loss of cyanide, 
^^d the cost of the heat required in boiling out the ammoniacal 
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copper solution has so far proved a bar to its successful ix««- 
Similarly, in the case of sulphurous acid and sulphites, the dilm^te 
solutions obtained and the difficulty in securing complete precipi ^- 
tion of the copper are serious disadvantages. The use of sulphiK. Tic 
acid or sulphates is perhaps the most promising of the chemL ^al 
methods. It is not practicable here to go into the difficulties in- 
volved in the various special cases in which this method has b^^en 
tried. But, speaking generally, the action of sulphuric acid on -fche 
bases other than copper present in the o^, the difficulties due to 
the formation of -ous and -ic compounds, the difficulty of securiJig 
complete solution and precipitation, and the whole group of pr^3ti- 
lems centring around mass action, have so far prevented the profi "t^- 
ble operation of the many processes which have been devised :£<y^ 
the use of sulphuric acid or sulphates as a solvent for copper. Ti^^ 
use of chlorides offers many of the same problems in accentua*^^^ 
form, since the other bases present are more easily attacked ^^^y 
chlorides than by sulphates. A mechanical difficulty of all su".^^^ 
chemical processes not shared by the cyanide process is the att^^^^ 
by solutions upon the apparatus used. Iron and steel are the co^*"™- 
mon materials of construction, and chemicals which will attack e <:^ 1^ 
per will more vigorously attack iron. Possibly some chemical v^i'' 
be found that, like potassium cyanide, is more eflfective in dil^^"*^ 
solutions, but so far it has been found necessary to use stroll ^ 
solutions which are chemically active toward the vats and purraj^® 
necessary for treatment. None of these difficulties are insuperal:>l^' 
but each adds to the cost of treatment and the margin for profit; ^^ 
perilously small. 

After the copper has been taken into solution, its precipitati^^ 
and subsequent conversion into marketable form is a necessJ^^'y 
operation that cannot be performed without cost. Elsewhere ^ 
this issue reference is made to the precipitation of copper from mi^^ 
water at Butte by the use of scrap iron, and its precipitation at t:!^ 
Besshi mine with iron and coke. Pure pig iron costs 1^ to IV^ ce J^^ 
per pouiul at Birmingham and Pittsburg, and its cost at a copp^'' 
mine is enormously increased by freight charges. In the average q^^ 
the cost of pig iron for precipitation of the copper would possil>v 
be 4 to G (*ents per pound of copper produced, a heavy item in ti^ 
cost of t»peration. Electrolytic precipitation offers advantages ^ 
remote places, and it is stated that it will be adopted in the leachiD^ *^^ 
plant at th«» Braden mine. Chile. But there are many difficulties 
in the electrolytic percipitation of copper from dilute and often i^' \ ^'^ 
pure solutions, and a universal solution has not yet been found, j "i 
The task of tiudiuir a profitable wet method is like that which faced 
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the small boy sent to dig out a woodohuck, it must be accomplished. 
Able investigators are at work upon the problem in many labora- 
tories and plants, and it is not too much to hope that a satisfactory 
solution will before long be found. 



LEAOHINO COPPER ORES IN CHILE 

(Editorial, June 21, 1913.) 

The technological problems involved in the exploitation of the 

copper ores in the extensive deposits of the Chile Copper Company 

at Chuquicamata are of unusual interest. Some details concerning 

fhis property have already appeared in our columns. The new com- 

pa.ny has taken over a group of properties formerly worked on a 

znodest scale by a number of European and Chilean companies, 

following exploratory work under the direction of Mr. Pope Yeat- 

ttm«in, which has demonstrated the existence of 100,000,000 tons of 

o:r^^ averaging 2.48 per cent copper, and nearly double that amount 

o:^ possible ore. Previous mining had been confined to shallow 

^^i^orkings, in which the ore is of lower grade than in depth. The 

nr^^thods employed were exceedingly crude, consisting of mining the 

8*-«^xface material, called llampera, in open pits and screenings. The 

copper mineral present has commonly been designated atacamite, 

C5ii(0H)Cl-Cu(OH)2, but the careful study incident to the forming 

*^^ a plan for working the deposit on a large scale has disclosed 

^^e interesting fact that the atacamite is present in only minor 

*^Tionnt, the principal copper mineral present being brochantite, 

^^iS04-3Cu(OH)2. Since a small amount of chalcanthite, the 

'^Htural *blue vitriol/ is also present, it is not astonishing that 

^''ochantite has been confused with atacamite, both being crystalline 

*^nd emerald or dark green in color. The copper mineral being most 

''"iable, the fine screenings were comparatively rich and were 

^"ipped to smelters, while the coarse fragments were thrown upon 

the waste dump. Exploratory work upon a large scale disclosed 

^ orebody over 8000 feet long and of variable width, up to 700 

^^^t. The orebody is somewhat irregular and its exact shape and 

extent have not yet been thoroughly defined by drilling, but the 

^^^ lias been proved to persist to depths as great as 1000 feet in 

P'*C5«8, changing in depths from brochantite to chalcocite, bornite, 

^'^d chalcopyrite ; about three-fourths of the ore developed so far 

^^^ix^igting of brochantite. and one-fourth of sulphides. As might 

"^ expected, the brochantite ore tends to become richer near the 

2ou^ q£ transition into sulphides. Small veins also occur at inter- 
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vals throughout the main mass, giving rise to local euriehmeut, - so 
that assays as high as 15 per cent copper are in places found, thoi^cz-Jigt 
the deposit as a whole averages slightly under 2V^ per cent. TZMZrhe 
deposit is usually well adapted by nature to steam-shovel minixi^ng, 
since the ore outcrops in the crest of a low ridge some distance fr» — rom 
the main range, so that the stripping is practically confined to •" the 
minimum of side slopes. A short branch from the main raih^.^ -vay 
line from Antofagasta now reaches within one mile of the depos -^sit, 
so that the physical conditions of exploitation are unusually fav^-'^wor- 
able. 

Careful study of the metallurgical problems involved has b^*^ eeu 
made by Mr. E. A. Cappelen Smith. Solution of the copper cont^ -ent 
of the broehantite ore presents no difficulties, as that mineral— M is 
easily soluble in dilute sulphuric acid even when crushed to be- 

tween y^i and Vi Jnch size. The ore yields little or no slime iii 

crushing, so that leaching is easy. An 8 or 9 per cent solution ^i 

sulphuric acid will be used. Since the copper is already presentzzii in 
the form of sulphate, its subsequent precipitation yields a lai^ ger 
amount of sulphuric acid than was used in its solution, so that tl^«^ere 
is no consumption of acid. Precipitation of the copper offers n^ ore 
difficulty. Dissociation of cuprous sulphate by the electric curr — ent 
yields free sulphuric acid at the anode, which liberates the chloKr—ine 
])resent. This attacks the copper being deposited on the anci:^de, 
leading to a considerable loss in electrical efficiency. Little troL^ble 
is experienced from ferrous sulphate, a source of difficulty in or- 
dinary leaching, as the iron minerals, perhaps because of the coax^^- 
ness of ore, seem not to be attacked by the solution used, and ^^ 
increase in iron content, beyond 2 or 3 grains per litre, follows the 
repeated use of the solution. An additional difficulty at Chuqiii^^*' 
mat a is the nitric acid produced by the action of the sulj)huric a^^'^ 
upon the nitrates which are present in small amounts on the su^* V-i^ 
face (le[)08its of this part of Chile. By the use of proper means* |..j, 
chlorine is eliminated from the solution, but this leads to an ^^' I': |^ 
creased attack upon the anode. Details of the methods pursued to I. ^ 
obviate lh«'se difficulties are not available, but plans for the con- |'%^^ 
struct ion of an 8000-ton plant are already well advanced, so th^^ 
the experimental work, based upon several hundred tons of or^ 
treated, nnist have ])r()v.ed correspondingly satisfactory. There ^^ lU 
pnu'ticnlly no trold and silver present in the ore, and arsenic, anti- y^M 
inonv. find liisniuth jire fortunately also absent. As a result, the Y^r^* 
solutions from leaching do not become foul. through repeated use. 
This is incbMMl « fortunate combination of ci^^jqimst^nces which 
irreatly facilitates the work of leaching in a country of limited watfJ* 
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supply. All stages of the treatment, as far as the electric precipi- 
tion, can thus be done at unusually low cost, so that the compara- 
tively expensive precipitation is not expected to bring the total 
cost of production above 6 cents per pound of copper. Electric 
power for the precipitation of copper will be furnished by an oil- 
fired power-plant at the sea coast, electric power costing about $60 

per horse-power per year. 

•Further details are now available concerning the huge metal- 
lurgical plant to be erected to treat copper ore by leaching at Chu- 
quicamata, as discussed at some length in our editorial columns of 
June 21. The ore, which is mined by steam-shovels, will be sub- 
jected to a preliminary crushing in gyratories, crushers, and rolls, 
and then distributed, by belts, into concrete vats, lined with acid- 
proof materials and holding 9000 tons each. It is estimated that one 
da^- will suffice for filling a vat, two to three days for acid treat- 
»ient and washing, and one day for discharging, each vat holding 
one day s ore supply. The extraction process might perhaps be 
11^ ore accurately termed soaking, rather than leaching, since it is not 
fl^cessary to cause the solvent to percolate through the ore to the 
8a.nie degree as is required in cyaniding gold ores. The pregnant 
solution will be drawn off into tanks, preliminary to electrical 
P»"^cipitation. The leached residue will be excavated from 
the? vats by clam-shell buckets operated from a traveling 
^**idf?e, somewhat resembling the system used in reloading 
<^o«l from stockpiles, and the residue will be piled upon 
th%» waste dump by a series of belt conveyors. The plant 
1*^ to be built upon a side-hill having a 6° slope and of sufficient 
^x^tent to provide ample storage room for the great quantity of 
ta.iling which will in time be produced. The contract for the con- 
*^tiruction of the electrical power-plant and transmission line has 
already been let to the lowest bidder, a German firm, for approxi- 
inately $3,000,000; the equipment including a 40,000-kilowatt, oil- 
^I'ed power-plant on the seacoast, a 100-mile transmission line to 
the mines, and the necessary auxiliary sub-stations and trans- 
^^nners. It is hoped to have the plant in full operation within 
three years, but construction work on so large a scale at so great a 
^^^stance from headquarters may easily involve unexpected delays. 
tLeaching work at the Braden mine has been held somewhat in 
abeyance pending the solution of the problems connected with con- 
centration of the ore; the mine, concentrator, and flotation plant 

•July 12, 1913. See also article by E. A. C. Smith. May 2. 1914. 
tJune 21, 1913. 
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having, up to the present, taxed the capacity of the hydro-electric 
plant upon the Cachapoal river. Recently another unit was added 
to the power plant, and it is stated that a test run will soon be 
made with the leaching plant, a brief description of this plant 
by Mr. Pope Yeatman, appeared in the Mining and Scientific 
Press of December 16, 1911. The process to be employed 
consists of roasting the concentrate from milling operations 
in Wedge furnaces and utilizing the escaping SO, gas to 
manufacture in lead chambers, the H2SO4 to be employed in 
leaching tho calcine. The copper sulphate solution resulting from 
the leacliing will then be electrolyzed. It is hoped in this way to 
l)r()(luce cathode copper at a very low cost, since the cost of the 
hydro-eleetric power available is low. Only a part of the concen- 
trate will be thus treated at first, though there is a possibility that 
similar treatment may be applied to the ore. Later in the year we 
hope to be able to present more data concerning the interesting 
work in progress at this and the Chuquicamata. 



SULPHURIC ACID LEACHINO 

(Editorial, August 16, 1913.) 

\ly one of the frequent vagaries of circumstance it is with sul- 
phuric acid leaching, which has been tried times without number 
with at l)cst l)nt limited success and most commonly with no suc- 
cess at all. that nnich of the most promising experimental work on 
the extraction of cop])cr from its ores by wet methods is being done. 
On the fa(*c of it, this method seems the simple, easy, and obvious 
nutans to employ. It is one of the classic theorems of economic 
gcolot^y that iron and copper sulphides oxidize an exposure to the 
air, yicldinjr free sulphuric acid which takes the copper into solu- 
t'um as suli)hate and carries it away to take part in other reactions, 
possibly the forming of a rich copper orebody. At Rio Tinto this 
natural reaction is utilized in a metallurgical process for the re- 
covery of copper, and from time immemorial it has been customary 
to recover co]>])er from underground waters by causing them to 
flow over sera]) ircm. Except under special circumstances the use 
of sulphuric acid to dissolve copper from its ores, subsequently 
precij)itating the copjjcr from the sulphate solution, has miserably 
failed to me(»t that inflexible definition of metallurgy as the art of 
making money out of ores. In attem[)ting to make sulphuric acid 
the basis of a general process, such as the use of cyanide solution 
for the recovery of gold, a host of technical difTieulties are met. 
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many of which are apparently insuperable, that have so far, except 
under special circumstances, combined to prevent the successful 
use of this method. So much buncombe regarding leaching pro- 
cesses for copper is to be heard or seen that it will be well worth 
while to review the facts. 

The first diflSculty with sulphuric acid as a solvent for copper 
ores is that it will not attack metallic copper, fresh unaltered sul- 
phides, or chrysocoUa. The last is somewhat in doubt, as apparently 
the acid will attack some varieties of chrysocoUa, though it is main- 
iiained, with some show of reason, that these are not true chrysocoUa, 
l)ut an intimate mixture of a large quantity of malachite with a 
^mall quantity of chrysocoUa. Cuprite also is not soluble in sul- 
X>turic acid, though the oxide of copper formed in roasting sul- 
hides is soluble. Now as a matter of practical fact, in dealing with 
copper orebody of profitable size it is usually necessary to deal 
ith the whole range of copper minerals, oxides, carbonates, sUicate, 
etallic .copper, and sulphides ranging from chalcocite to lean 
^3halcopyrite. To attempt to use sulphuric acid on such a melange 
^3^8 this is like trying to put salt on the collective tail of Noah's 
k. Where nature hais been especially kind the use of sulphuric 
cid is feasible. Thus at Chuquicamata the copper occurs as a 
aaic sulphate which is easily soluble in acid ; at other places, north 
f Butte, for example, considerable bodies of carbonate ore occur 
nd the amount of insoluble copper mineral present may be small 
xough to yield a working profit. At times an ore may be concen- 
trated in the ordinary way, and leaching applied to the tailing, 
"^^hich is largely composed of oxidized minerals, as at the Arizona 
^^^pper miU at Clifton. But as a general thing the presence of metal- 
lic copper or unaltered sulphides will make ordinary leaching with 
^Xilphuric acid unprofitable. 

Assuming that it is practicable to dissolve with H2SO4 the cop- 
l>er present in the ore, a fresh crop of difficulties is encountered. 
T^he acid not only dissolves the copper, but a variety of other sub- 
stances present in the ore as well. Thus clayey minerals wiU be 
attacked yielding aluminum sulphate, and iron oxides will be in 
part converted into ferrous sulphate. These and other substances 
remain in solution when the copper is subsequently precipitated and 
accumulate to such an extent that the solution becomes so foul 
that it must, in part at least, be thrown away. Sulphuric acid is 
now worth about $7 per ton at the copper and zinc smelters where 
it is being produced ; at more remote places its cost may considerably 
exceed this figure. It is easily seen that the cost per pound of 
copper for the sulphuric acid thus consumed is an important item 
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of working cost. Various schemes have been tried to prevent this 
loss of acid, but no general remedy has yet been devised. The iron 
thus dissolved is a source of further trouble in case it is desired io 
precipitate the copper from the solution by means of electrolysis. 
When the current is passed through the solution, copper is precipi- 
tated and SO3 ions are released which oxidize the ferrous sulphate 
present to the ferric state, and the ferric sulphate promptly re- 
dissolves the copper, reducing itself to the ferrous state again. The 
ultimate result is much like that of a puppy chasing its tail, and 
converts the electric energy into useless heat. Some promising 
work is being done on the use of porous diaphragms to prevent the 
ferric sulphate reaching the cathode; but while effective these in- 
crease the resistance of the cell and merely alter the difficulty with- 
out solving it, though it is possible that a satisfactory solution may 
be found. Another troublesome difficulty in electric precipitation 
is the securing of a satisfactory substance for an anode. The best 
that has been found is lead, but even when this is used it is slowly 
converted into the peroxide of lead by the oxidizing reaction 
mentioned abovtj and is gradually destroyed. The peroxide can be 
collected and reduced to metallic lead, but this operation forms 
another item of working cost. 

It is possible to reduce the copper from the solution by causing 
it to pass over metallic iron. Theoretically. 56 pounds of iron will 
thus reduce iV-i pounds of e()[)[)er, but in practice this is greatly 
exeetnled, for a certain amount of free sul[)huric acid is present 
and dissolves iron, thus at oikm' consuming iron and sulphuric acid. 
Pig iron is not very satisfactory for preci[>itati(m, since it contains 
phosphorus, sulphur, silicon, and carbon, and is, in addition, in the 
form of pigs which present only a small active surface in proportion 
to their mass. Scrap iron and steel are used for this purpose in 
small way, but a large plant would quickly exhaust the scrap hea])s 
of the world. It is usual to reckon that three pounds of iron is re- 
quired to thus precipitate one pound of copper, though much bet- 
ter records are made in nianv cases, and on this basis the cost of 
precipitation alone would be IJ cents per pound of copper. Some in- 
teresting work has been done on the roasting of pyrite to yield 
H2SO4 and the reduction of the resulting porous iron oxide to metal- 
lic iron in a reverberatory furnace, but even by this method the cost- 
is still heaw. 

Collateral with these fundamental difficulties are a variety o 
mechanical and chemical problems which vary according to local 
conditions. If the ore is ground fine the action of the acid on the^ 
gangue minerals is greatly increased and in addition colloidal 
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material is produced which renders difficult the separation of the 
dissolved copper from the residue. It is reported that in the leach- 
ing work at Butte only 80% of the copper is obtained in the solu- 
tion, the rest, though apparently dissolved, remaining with the ore. 
A muddy solution is obtained which leads to the inclusion of float- 
ing particles in the precipitated copper. On the other hand, if the 
ore is coarsely crushed these difficulties are avoided, but the copper 
may not be dissolved by the acid. But enough has perhaps been 
said to indicate clearly that sulphuric acid leaching, while applica- 
ble where conditions favor its use, has not yet been sufficiently de- 
veloped to play any such part in the metallurgy of copper as cyanide 
does in that of gold. 



THE LEACHING OF COPPER ORES 

(August 23, 1913.) 
By John Rook e-Co well 

The bodies of low-grade and, for the most part, oxidized copper 
ores which occur in the southwestern part of the United States, in 
Canada, Mexico, Central and South America, Australia, Africa, and 
in fact throughout the world, which, owing either to their inac- 
cessibility, metallurgical condition, or their low copper content, 
cannot be profitably treated by smelting methods, and the huge 
accumulations of tailing from the great concentrating plants of 
the West, in which millions of pounds of copper is being lost every 
year, have turned the attention of metallurgists to the investiga- 
tion of hydro-metallurgical or electro-chemical processes by which 
this copper may perhaps be profitably recovered at a small cost 
and added to the world's supply. 

At the mines at Rio Tinto the leaching of copper ores has for 
niany years been successfully accomplished by a somewhat com- 
plicated and very lengthy process, by which the copper in the ore 
'* converted into soluble copper sulphate by natural oxidizing 
^^encies of the air and moisture and the copper precipitated from 
1^^ solutions on iron. This process is too lengthy and entails the ty- 
'^^ up of too much capital to find much favor under present com- 
^^iT'cial conditions. At Clifton, Arizona, the low-grade oxidized 
^^^^ of copper have been for some years past leached with sulphuric 
^^*^ manufactured on the ground at a small cost from a nearby de- 
*^^St of pyrite, and the copper precipitated on scrap wrought iron 
*^ ^^ old tin cans. 

'■^Vlthough the copper produced by this method is of inferior 
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quality, this is the simplest and, where pOHsible. the ideal niethud 
of leaching copper ores, but it is only applicnble to oxidized ores 
aod caDaot be used to advantage in localities where Bulphuric acid 
and iron are not obtainable at a moderate coat. The problem, there- 
fore, which now confronts the investigator, and which during the 
past decade has given rise to half a hundred processes, most of 
which are now happily defunct, is to find a method suitable to both 
sulphide and oxidized ores of copper, by which the solvent may be 
regenerated at a small cost and the beavy expense of precipitation 
by means of iron eliminated. 

With Ihe thorough knowledge now possessed regarding the chem- 
ical reactions which occur among the compounds of copper, among 
themselves end also with relation to the knowu copper solvents and 
the associated minerals in the difTcrent ores, and the amount of ac- 
cumulated data regarding the electro-deposition of copper from 
leaching solutions, and wJIh the many improved mechanical de- 
vices at our disposal, the invention of such a process, with a fairly 
universal application, should not present any great difficulty. Yet 
the costly failures of many processes within the past few years have, 
created a certain atmosphere of skepticism, and the inventor of a 
new process is likely to be regarded la some quarters as a harmless 
crank, or aa having sinister designs on the pocket of the investor. 

Ammonia has been used as a solvent for certain oxidiited copper 
ores, the copper being subsequently recovered as cupric oxide by 
simply heatine the solution, hut mechanical difficulties, the logs of 
ammonia during its operation, and the high cost of this solvent, 
linve limited the usefulness of the process. Sulphurous acid, made 
by dissolving sulphur dioxide in water, has also been used as a 
solvent, the copper being recovered as cnprous oxide by heatiuL' ^_ 
the solution. In this, as in the ammonia process, the solvent is ai- ^^ ■ 
multaneously regenerated with the precipitation of the copper. Siil— ^ 
phurous acid is an excellent solvent of copper ores, especially as r ^ 
does not attack the other metals present with the same avidity »— « 
many other solvents. Onl.v mechanical difficulties and the necessit.^' 
for using extremely dilute solutions have prevented the succeasf "•-^ I 
application of the process. Sulphuric acid has been generally fou *^*3 
to be the btst and most convenient solvent for copper ores, while 
ferric sulphate and chloride, which have been found to readily »«'- 
Ini'k certain chalcocite ores and act with less energy on ehalcopyri '**• 
have also been successfully used. In certain processes the copper '" 
the ore is converted into a soluble sulphate by a careful roasti'"^ 
III a low li'mperatnre. and then leaehed with water: in others. « 
Koliibli' rhii'lidi' of i'iip[>cr is obtained by roasting the ore witit 
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common salt or passing free chlorine, obtained by the electrolysis, 
of a solution of common salt, over the ore while it is being roasted. 
Sulphide ores for the most part require roasting before they can be 
successfully leached, but modern large-capacity mechanical roasting 
furnaces enable this to be accomplished at a low cost. 

There appears to be no great difficulty is dissolving the copper 
out of the ore, though cuprous oxide is not soluble unless heat is ap- 
plied, and chrysocolla (the silicate) is practically insoluble. The ore 
does not require fine crushing, as is the case in the ores of gold and 
silver ; about 10-mesh will generally be found sufficiently fine, while 
in some cases a reduction of the ore to pieces about one inch in size, 
and even larger, will be all that is necessary to obtain a good ex- 
traction of the copper. This naturally reduces the cost of crushing 
and does away with the difficulties of percolation encountered in 
other processes, as practically no slime is formed. 

The action of the solvents on copper ores is increased by the ap- 

f>lieation of heat to the ore charge, is extremely rapid, and the ex- 

^^^otion of the copper from properly prepared copper ores is usually 

^^&li. The numerous mechanical devices which are now available, 

^^ioli as stoneware and hard-rubber pumps for handling acid solu- 

^'^ox^^ lead-lined pipes, and the several excellent non-corrosive com- 

t^^vinds which are now on the market for protecting the tanks and 

^*^ Vis avoiding the necessity for using an expensive lead lining for the 

^^liks, have done a great deal toward permitting the successful 

*^^ etching of copper from its ores. In fact, it may be considered 

^*^a,t most of the difficulties encountered in the actual leaching of cop- 

t^^r ores have now been surmounted, and the others relegated to 

^^e precipitation of the copper from the solutions. 

With the exception of the ammonia and sulphurous acid pro- 
cesses in which the copper is recovered as a high-grade oxide of 
Copper, or those processes where the production of copper sulphate 
is the ultimate object, and neglecting the precipitation of copper 
\)y means of iron as generally too expensive, the only practicable 
methods in use for the recovery of the copper from its solutions 
are either chemically by the use of hydrogen sulphide, which is 
passed into the solution and precipitates the copper as copper sul- 
phide, or electrolytically, by which the copper is obtained as cath- 
odes of pure copper. In the former method the precipitation of the 
copper is rapid and complete, but at the same time the other metals 
of the acid group, such as arsenic, antimony, and bismuth, are pre- 
cipitated with the copper, while other metals which are not pre- 
cipitated in an acid solution, such as iron, continue to accumulate 
in the solution until it becomes so saturated and foul that it has to 
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be thrown awav and the whole of the contained acid lost. In a^^- 
case, only the acid in combination \vith the precipitated metals \%^^-^^ 
be regenerated, and so a constant addition of part of the acid ^^^ 
least will always be necessary. In some places the manufacture ^^^ 
hydrogen sulphide would be extremely costly. 

In the electro-deposition of copper from leaching solutions ma, 
difficulties have been encountered. They are partly due to t- 
fouling of the electrolyte, owing to the accumulation of the sulpha'^ 
of iron and other metals which make it necessary to periodical 
»end some of the solution to waste, thereby causing a loss of all t- 
acid ; to the difficulty of finding a suitable anode for sulphate so 
tions other than lead, which is at present used but is rapidly oxid» 
ed; and to the reactions which occur among the foreign metals p 
ient in the electrolyte. Although a complete regeneration of all t:-^ 
acid is effected, and in fact when sulphur dioxide is injected into t^ - 
electrolyte as a depolarizer, an excess of acid is obtained by its co^ 
bination with the nascent oxygen liberated at the anode, so ma - 
reactions and counter-reactions occur among the foreign met 
present in the electrolyte, and so much difficulty has been encou 
^red in properly regulating the current density, that a great deal 
electical energy is wasted and the consumption of current is grea 
In excess of that required for the actual electro-deposition of 1 
3opper. Theoretically, the electrical efficiency of the deposition 
3opper from sulphate solutions is 2.14 lb. per kilowatt-hour, 
practice, from leaching solutions, only about one pound per kilow? 
hour, or about 50% of the theoretical efficiency, has hitherto b€ 
obtained. With a pure copper sulphate electrolyte, free from o 
metals, and the proper precautions taken to prevent the impo\" 
LsJiment of the copper ions around the cathode, there is no reai^^^^' 
\rhy at least 90% of the electrical efficiency, or about two pour*^^^ 
j>f copper per kilowatt-hour, should not be obtained. The differer*^^^ 
between this and the theoretical is due to the resistance of the co^^' 
Juctors. This would mean a reduction in the cost of the electri^^ 
Installation and of the electro-deposition of the copper of abo*^ 
^0%, which would be of considerable importance in a large plant- 

Such a condition could be obtained if the electrolyte were fre^^ 
from the presence of foreign and interfering metals, by chemic^^' 
means, before being introduced into the electrolysis, instead, as ^^ 
the practice at present, of precipitating the foreign metals when th^ 
electrolyte has become thoroughly saturated and foul and a grea^ 
loss of electrical energy has already occurred. The great advanta^ 
of recovering the copper by electrolytic means is the complete re- 
*on of the solvent and the production of pure copper which 
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can be readily marketed. The first cost of such an instaUation, espe- 
cially if a high degree of electrical efficiency can be obtained, is not 
[)rohibitively high, as many pTioi)le imagine, and the cost of precipi- 
tating the copper, especially where water-power is available, will in 
very few cases exceed one cent per pound. There seems every rea- 
son to believe that electrolysis will in time take the place of all other 
methods for the precipitation of copper from leaching solutions. 
Roasting, by rendering insoluble in acids many foreign substances 
which in the crude unroasted ore would be soluble, and by convert- 
ing insoluble into soluble copper compounds, has been found bene- 
ficial before leaching. Yet in most cases where both the sulphides 
and oxides of copper occur in the same ore a preliminary 
concentratiorf of the sulphides and the leaching of the oxidized tail- 
ing and roasted concentrate will prove most economical. Ferric 
salts, which may be generated during the operation of the process, 
will dissolve part at least of the small amount of sulphides which 
escape concentration. Ores containing much lime are, for the nmst 
part, unsuitable for an acid-leaching process on account of the ex- 
cessive consumption of the solvent, but in certain cases this lias been 
overcome by roasting the ore at a low" temperature and converting 
the lime into an insoluble sulphate. 

So thoroughly have the chemical reactions of the various copper 
compounds been investigated during the past few years that the 
process which will have the most general application in the treat- 
ment of low-grade copper ores is not likely to depend on the dis- 
covery of some new solvent or be a panacea for the treatment of all 
low-grade copper ores. It will comprise a simpk\ scientific, and 
economical arrangement of certain well known and thoroughly 
understood chemical and electrolytic reactions, and form a process 
capable of modification so as to meet individual metallurgical and 
economical conditions. By taking advantage of modern labor-sav- 
ing devices, and, os far as possible, eliminating the cost of chemicals, 
it will enable copper to be produced at a price which will prove 
profitable under almost all possible market conditions. Such a pro- 
cess would not only add considerably to the world 's supply of cop- 
per by enabling the low-grade deposits and old tailing dumps to be 
profitably treated, but would prove a great boon to the small mine- 
owner, who is at present between the Scylla and Charybdis of court- 
ing almost certain disaster by erecting his own smelter, or of sac- 
rificing a large part of his legitimate profits by selling his ore to 
customs smelters. There is no reason that such a process should not 
be used in the treatment of high-grade as well as low-grade copper 
ores, especially if freight rates to the smelter are high, and its in- 
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THE IRVINQ LEACHINO PROCESS 

By L. S. AHHTIN 

(January 11, 1914.) 

Joauph Irving, of Salt Lakf City, has patented u prooeaa* for 
lie ii-achiiig of ttxidized and sulphide ores of copper contaiuiug gold 
ud silver. Esseutially it consists in crushing miiced carbonates, 
xidized, or sulphide ores of copper to 12 or finer mesh. The 
rushed ore is subjected in leaching vats to the action of the mother 
iquor containing ferric sulphate from a prior leaching, to which 
as been added some sulphuric acid and common salt. The ore and 
olution together are mechanically agitated and heated by injecting 
team. Upon conclusion of the agitation the mixture is allowed to 
ettle. It is then drained and washed, yielding a copper-lieariiig 
olution, which is passed through a filter consisting of sand and 
resh iron pyrite, and then through the precipitation vats. Recov- 
ry of the metals may be accomplished by electrolysis or by pass- 
Dg solution over scrap iron. The remaining solution can be re- 
;enerated for further use; it is oxidised by a steam jet which agi- 
ates it violently, bringing it in contact with air. The solution is 
hen reinforced with sulphuric acid and salt, and is ri'ady to he 
gain used for a fresh charge. 

It would appear that the free sulphuric acid reacting on copper 
arbonatc would give cuprous sulphate which would decompose tlie 
alt as follows: 

1) CuSO. + 2NaCl = Na,SO. + CuCI, 

Jid the copper chloride, acting upon silver sulphide, would df- — , 
ompose it : 

2) AgoS + CnCl, = CiiS + 2AgCl 

In presence of salt in the sohition the silver chloride dissolve^^ 
lold would be acted on in the same way. 

Ferric sulphate, acting on ehalcocite, changes it to copper sul- 
ihate thus : 

3) Fe.(SO.), + Cu,S = CnSO, -f 2FeS0. + fuS 

nd the resultant CuS. as well as that in the same condition in th*? 
re, would be changed as follows: 

^U. 8. patent 10*8541, December 31, 1912, Salt Lake mining Review, XV. I7; 
. XI. ISO. 
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(4) Pe^CSOJ, + CuS + 30 + H^O = CuSO^ + 2FeS04 + H.SO, 

When the ore has been leached, the resultant solution, before 

going to the scrap-iron boxes for precipitation, must have the ferric 

sulphate changed to the ferrous form, otherwise the consumption of 

scrap iron will be largely increased. This is done, as already speci- 

fiod, by running the solution through a filter containing fresh pyrite. 

fS ) TFe^CSO^), + PeS^ + SH^O = ISFeSO^ + SH^SO^ 

This ferric is changed to ferrous sulphate and sulphuric acid is 
i*^? generated. 

-After the copper, gold, and silver have been precipitated the 
barren liquor, being agitated by a steam jet, its contained ferrous 
Iphate is changed to ferric sulphate. 

IFig. 49 is a plan of a 50-ton mill, designed for the effective carry- 
S out of the process along lines suggested by the long experience 

the inventor in the hydrometallurgy of copper. 

The ore, after coarse crushing, goes to the 100-ton storage bin 5, 

ence it is fed regularly to a Hardinge mill, being crushed in the 

n sulphate solution flowing from the iron sulphate storage tank. 

e leaching vats E, E' are alternately filled with the pulp, being 

^^t: the same time agitated by a four-arm stirrer. When two-thirds 

^^xll the proper quantity of sulphuric acid is run in from the acid 

^'toTage tank or acid-bearing liquor from the dilute copper sul- 

X>lxate storage tank D, When a vat has been filled with pulp, the 

•er is stopped and the contents allowed to settle. The super- 

^t;ant liquor is now decanted, going to the strong liquor storage 

^^i:^k J. The pulp left in the leaching vat is drawn off to the cone- 

^l348sifiers F and 0, In these classification is effected by aid of a 

""^siing current of wash-water, while the underflow from both cones 

^^os to the concentrating tables in case it contains heavy sand of 

^*^lue, otherwise it is wasted. Prom the concentrating tables the 

^-^iling, if worth while, can be pumped back to the Hardinge mill 

*or* further treatment. The overflow from the second cone G goes 

^^ the pulp storage tank //. Prom this, as much of the clear liquor 

*^^ possible is decanted before the remaining slime is withdrawn at 

^he bottom to one or other of the filter-tanks / and r. The filter- 

^^Hks have .false bottoms of porous tiles which will be unaffected 

">" the acid liquid. The filtrate from either tank is withdrawn to 

^^ther of the liquor storage tanks. One of the tanks is for the 

^^^onger, the other is for the weaker solution. Prom these the 

^^lution is delivered in regulated flow to the electrolytic-deposition 

^^Xes K, K, K, K, where most of the copper is precipitated electro- 

*>'tically. The partly impoverished liquor then goes to a sump- 
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tank L and to the iron precipitation tanks 3/, M\ where the remain- 
ing copper is recovered by scrap iron; or the solution at L contain- 
ing a little copper, may be sent back by a centrifugal pump to the 
copper sulphate storage tank D to he again used. The barren 
solution in the second sump tank N is also sent back by a centrifu- 
f?al pump to the high level iron sulphate tank C and is there agi- 
tated by blowing in steam, whereby the ferrous sulphate is changed 
into ferric sulphate, and is then ready for use on a fresh charge. 
The cycle of operations for crushing, filling tank, leaching, and 
washing contents, and finally emptying tank, will average 48 hours. 
A number of laboratory tests in 1 to 5-lb. lots have shown an 
^-"^traction of copper varying from 77 to 99% and with an average 
^^ 91.4% ; while several ores which had appreciable amounts of gold 
^^d silver with the copper were also found amenable; for example: 

Gold. Silver. Copper. 

^tah ore: Original 0.06 0.56 1.60 

Tailing 0.01 0.09 0.13 

•^his amounts to an extraction of 75% of the gold, 83% of the 
silver, and 92% of the copper. 

On a larger scale, using 700 lb. of coi)per ore containing 1.32%, 
f ^ extraction of 79% was made ; on another lot of 1500 lb. contain- 
*^S 1% copper there was a recovery of 74%. In precipitating the 
^^Pper there was consumed 1.28 lb. iron per pound of copper re- 
^^vered. 

On these 50-lb. lots, some Utah copper ore, containing Cu 0.81%, 
^^gether with 0.145 oz. Au, and 5.06 oz. Ag per ton, gave, as the 
^^sult of three tests, an average extraction of 56% of the copper, 
"*!% of the gold, and 60% of the silver with a copper precipitate 
^^Utaining 68.52% copper with 1 oz. of gold and 189 oz. of silver 
Per ton. 

On an operating scale, March 1913, on some Nevada ore a charge 
^^ 23.19 tons, containing 4.65% copper, gave the following results 
^^sitig decantation and leaching, the ore having been crushed in the 
''^'turned barren solution; there was actually extracted by the solu- 
;^^i:i 93% of the copper. Precipitation was slow because all the 
^^^>xi was new. There was used 1603 lb. of acid; the milling time 
^^'^s 91/0 hours. 

On another charge, 30 tons dry weight, March 1913, the ore con- 
*' ' Hed 2.86% copper. The ore was crushed in the barren solution. 
^^ after settHng 12 hours the supernatant solution was decanted. 
^ ^id was then added and the whole mass was stirred and allowed 
settle. The decanted solution contained 1.57% copper. The 
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total copper dissolved was 1610.66 lb., equal to a 94% extraction 
and 3200 lb. of acid was used. This charge contained a very large 
portion of copper glance (chalcocite). It is interesting to note that 
ores containing copper glance leach slowly. 

On copper carbonates and oxides, and with acid quoted at an 
average price of $25 per ton, the acid consumption would be 2c. 
and average treatment costs 4 to 5c. per pound of copper. On 
heavy sulphide ores acid consumption would be 3c. and average 
treatment costs 5 to 6c. per pound of copper. It is estimated that 
a crushing and leaching plant to treat 100 tons per day would cost 
$35,000. This includes building and equipment complete. Scrap 
iron delivered would cost $15 per ton. The consumption of iron 
is placed at not to exceed 1.5 lb. per pound of copper recovered 
and of acid not to exceed 2 lb. per pound of copper, and it may 
be considerably less than that. 



THE SLATER LEACHING PROCESS FOR COPPER ORES 

By H. W. Morse 
(January 24, 1914.) 

Among the new processes for the extraction of copper from its 
ores in the wet way, there is one of much interest, chemically as 
well as technically. This is the cyclic hypochlorous acid process of 
H. B. Slater, of Riverside, California. The chemical reactions in- 
volved are simple enough fundamentally, but they are sufficiently 
unusual to be worth careful consideration and some study. Inas- 
much as the process is a cyclic one, it will perhaps be best to describe 
the operations and reactions in a series of steps. The completeness 
of the C3'ele can then be checked from point to point of the process. 

The leaching liquor comes from the anode compartment of an 
electrolytic cell of ordinary type. A 15% solution of common salt 
is used here, and in it there is suspended ferric hydroxide (pro- 
duced at the third step), the (piantity used depending on the copper* 
content of the ore to be treated. Electrolyzing, the reaction is: 

Fe(0H)3 + 6C1 = FeCl., + 3HC10 
half of the chlorine going to form ferric chloride and half to form 
hypochlorous acid. p]lectroly8is is continued until only a small 
amount of suspended hydroxide is left. This means that there is 
but very little free chlorine in the solution; and it means, in prac- 
tice, that very little chlorine escapes into the air. For an ore con- 
taining 2 to 2.5% copper, the lixiviant will contain 5 to 7 gm. per 



litre of iron as ferric chloride, and a corresponding amount of 
hypochlorous acid. In the cathode compartment there is formed 
during electrolysis sodium hydroxide, in amount equivalent to the 
quantity of chlorine produced. This is used at a later stage of the 
process. 

Ore ground to 40 mesh is easily treated. Ai chalcocite be assumed 
to be the chief copper mineral present, the leaching reaction, as far 
as the hypochlorous acid is concerned, is: 

Cu^S + 4HC10 = 2CuCU + 211,0 + SO, (or, S + O,) 
as a part of the sulphur is freed in elementary form. The SO. pro- 
duced in this reaction reduces part of the cupric chloride to cuprous 
chloride : 

2CuCL + 2IL0 + SO, = 2CuCl + 2HC1 + ILSO, 

so that even at this point in the process a considerable portion of 
the extracted copper is present as cuprous chloride, held in solution 
in the sodium chloride solution. 

At this point the leaching liquor contains ferric chloride, ferrous 
chloride, cupric chloride, and cuprous chloride, all in salt solution. 
To it there is added sufficient of the sodium hydroxide solution, 
from the cathode compartment of the cell, to completely precipitate 
all of the iron as hydroxide, according to the reactions: 

PeCls + 3NaOH = Fe(OH)3 + 3NaCl and 

FeClj + CuCls + 3NaOH = Fe(0H)3 + CuCl + SNaCl 
This last reaction is an interesting one chemically, especially be- 
cause cupric chloride acts here as an oxidizing agent, raising fer- 
rous to ferric iron. This reversal of the usual order of things takes 
place because of the complete and immediate removal of the ferric 
iron as hydroxide as fast as oxidation takes place. A slight excess 
of the sodium hydroxide causes no precipitation of copper as 
hydroxide, for the copper is all locked up in the complex (perfectly 
colorless) form with the sodium chloride, and the concentration of 
ferrous iron is so slight that a considerable excess of hydroxide 
w required to produce a precipitate. 

The combined reduction effect of the ferrous chloride at this stage 

fiod the sulphur dioxide in the previous one results in the complete 

^eduction of all the copper to the cuprous form. This is of practical 

^inportance, since it is only necessary to supply a single equivalent 

^' chlorine for each copper molecule instead of two equivalents, 

^nicJi would be needed if the copper were to be extracted as cupric 

^^'^i*ide. As a matter of fact, it is in practice only necessary to 

^l>ply a very slight excess of chlorine in the leach over that calcu- 

^'^ for the cuprous chloride equivalent. 
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The copper can, of course^ be recovered by the usual methods, or 
it can be precipitated with the aid of the sodium hydroxide as ^^'^ 

cuprous hydroxide. If this precipitation is made with hot sodium ^^^ 

hydroxide solution, air oxidation is rapid and the ordinary black ox- 
ide of copper is formed. Probably the reaction: 2CuOH + = 2CuO 
+ HjO will express this step. The black oxide so formed might well 
be cast into blocks and used as cathodes in the electrolytic cell 
giving metallic copper, and resulting in a noticeable decrease in the 
working voltage of the cell. 

It is evident that the process is completely cyclic chemically. No 
chemicals are brought in from outside except the salt, which may ^^ 

be lost in the final wash waters, and this can be reduced to as low "^ 

a point as may be desirable in practical operation. 

The following points are worthy of special consideration: (1) ^ 

Ores of low total sulphur content can be treated. (2) The ore need 1 

not be roasted. The only reason for roasting any part of the ore ^ 

treated would be to bring up the iron content of the leach in order i 

to produce suflBcient ferric hydroxide to restore the original con- - 

centration for the next leach. This might be necessary in the case s 

of an ore containing much lime. (3) If the ore is not roasted, .J 

practically none of its iron is leached out with the copper. (4) The ^r^ 

materials used are produced in a single operation in a single -«^j 

electrolytic cell, except the salt lost in the final wash waters. (6) The 
sodium hydroxide produced in the cathode compartment is com- 
pletely utilized in separating the iron from the copper and in the 
subsequent precipitation of the copper. (7) The precipitated ferric 
hydroxide separated in (6) is used in the preparation of the suc- 
ceeding lixiviant. (8) Extraction is very rapid and complete. With 
agitation, using a 40-mesh ore, 95% extraction can be had in fon 
to six hours. (9) Copper produced by this process is extrerael.1 
pure. None of the other metals can follow it into its complex sal ^^ ^ 
with sodium chloride, and they are almost completely removed wiLJJj 
the iron by precipitation as hydroxides. For the 'porphyry orei^ ^ 
so called, and for non-roasting ores in general, the Slater process 
appears to combine nearly the maximum number of advantageous 
features with but very few objectionable ones. 
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THE WEIDLEIN LEACHINQ PROCESS 

(April 4, 1914.) 

For some time past E. R. Weidlein has been studying the appli- 
cation of leaching processes to the treatment of copper ores, work- 
ing* in the Mellon Research Laboratories of the University of Pitts- 
burgh, under the auspices of the Metals Research Co., which is a 
subsidiary of the W. B. Thompson interests. Mr. Weidlein has de- 
vised a process, for which U. S. patent No. 1,089,096 was issued on 
IVIarch 3, and is now engaged in the construction of a small plant 
at Wabuska, Nevada, to test the process on a working scale under 
actual operating conditions. In the patent specifications the process 
is described as below. 

The present invention relates to the recovery of copper in the 
^vet way, from its ores, and is based generally upon the reversible 
I'eaction 

CuSO, + SO2 + 2H2O = Cu + 2H2SO, 

Afore specifically, it contemplates a mode of operation which 
^^a.kes the utilization of this reaction of high commercial value, in 
^^at in actual practice the copper can be precipitated substantially 
quantitatively in the metallic form. This substantially complete pre- 
cipitation is likewise accompanied with the regeneration of twice 
^e amount of sulphuric acid necessary to dissolve out the same 
quantity of copper precipitated, so that the solution, while it is 
still hot, and after the copper has been precipitated out, may be 
^sed for re-leaching the original body of ore, or for leaching a new 
"^tch of ore, as the case may be. 

In the preferred practice of the invention, the ore is leached, by 
Percolation, or by agitation with or without the admission of air, 
^ith a 3.6% sulphuric acid solution. The free acid content of the 
popper sulphate solution thus obtained is lowered during the leach- 
|*^& operation to less than 1% of free sulphuric acid. The free acid 
^ thereupon neutralized by adding the calculated amount of calcium 
^^bonate or ordinary limestone, or, in fact, any alkaline substance. 
*f the alkaline substance added is one which forms an insoluble 
^^Iphate, as is the case when calcium carbonate is employed, the 
Precipitated insoluble sulphate is separated by filtration or other- 
^^e removed in any known way. 

The copper sulphate solution will be neutral and will contain 
^•5% copper, in which condition it is supplied to the absorption 
^^Wer, of any suitable or convenient type. Sulphur dioxide (for 
Stance, sulphur dioxide contained in smelter fume) will thereupon 
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be pumped into the solution until the desired concentration of 
(1.5%) sulphur dioxide for the amount of copper in solution is ob- 
tained. The solution is then pumped to the precipitation tank ok 
tanks, which may bo njade of iron, lead-lined throughout, and whie 
ai(» adapted to withstand, with safety, a relatively high pressun 



Heat is then applied to the solution, in any suitable Avay, until s^ 
temperature of 150°C. is attained, giving a pressure of 100 lb. pe -r? 
square inch. As soon as these conditions of temperature and 
sure are obtained, the pressure is released, the tanks emptied upoi 
a filter, and the hot solution is run back on the ore for re-leachini 
purposes. The solution is very easily filtered, and the copper n 
mains on the filter in a finely divided form. It may then be coi 
veniently handled by melting and poling, or by compressing it t 
form anodes. 

The typical example given embodies the conditions necessary f nr — a 
completing the reaction for the attainment of the best results. Thu ^a 
it has been found that the best results are obtained with 6% sol 
tion of CuSO^ 5H_>0 (containing 1.5% copper) and under a pressu 
of about 100 lb. per square inch, at a temperature of about 150° 
It is commercially feasible, however, to increafse the strength of t 
solution up to 3% metallic copper and to obtain a precipitati 
of approximately three-fourths of the copper. 

The treatment of the solution, as it comes from the leaching tarr^Ir, 
with an amount of calcium carbonate or other alkaline substar^ee 
suflficieut to neutralize the free acid, together with the conditions of 
temperature and pressure and of concentration of the sulphur di- 
oxide in solution relatively to the concentration of copper in soluti-^n 
in the sulphate liquor, determine the nature of the precipita^f^ 
which, under these conditions, closely approximates 100% fin^l*' 
divided metallic copiier. The quantity of sulphur dioxide pa8»^<^ 
into the solution is determined by the degree of concentration ^' 
the copper, that is to say, the concentration of the sulphur dioxi^^ 
solution expressed in per cent by weight should not materially ^^* 
ceed the concentration of the copper in solution expressed in the 
same terms. In this connection, it is to be carefully noted tb«* 
solutions of copper sulphate stronger than 6% CuS04-5H20 m^X 
be, in part, precipitated by sulphur dioxide as metallic copper wbeii 
the solution is first neutralized by the calcium carbonate or other 
neutralizing agent employed, but, in such case, the precipitation »^ 
metallic copper will not be complete. So also, at higher tempera- 
tures and pressures than 150°C. and 100 lb., complete precipitation 
of the copper in the solution may be obtained, but this precipitate 
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will consist only partly of metallic copper and will contain, in large 
quantities, oxides, .sulphites, and sulphides of copper; although 
sulphuric acid will nevertheless be regenerated under these condi- 
tions in sufiScient quantity for re-leaching purposes. 

The process is particularly applicable to the extraction of copper 
from low-grade copper ores, principally the carbonate, oxide, and 
basic sulphate ores. The sulphur dioxide may conveniently be ob- 
tained from smelter fumes, inasmuch as the percentage of sulphur 
dioxide in such fumes is normally suflBcient to saturate a 6% CuSO^- 
dHjO solution. Furthermore, the process finds a special applica- 
tion in connection with sulphide ores, inasmuch as the conversion 
of the sulphides usually occurring in such ores into the oxide by 
roasting will yield, in most cases, even more sulphur dioxide than 
is required for subsequent treatment of the solution. It may, there- 
fore, be said that the process is applicable to all ores or other pro- 
ducts containing copper, as, for instance, in addition to those above 
rioted, to roasted matte from which the copper may be eflBciently 
brought into solution by sulphuric acid. It is proposed to leach 
with the solution as it comes hot from the precipitation tanks, there- 
by utilizing its maximum leaching eflficiency, and making the pro- 
<*ess continuous in the sense that the leaching solution is utilized 
over and over again for re-leaching the ore, after the copper has 
been precipitated each time out of the solution. 

In order to maintain a constant volume of solution, the leaching 
^s eflFected, as hereinbefore indicated, with a 3.6% sulphuric acid 
solution, assuming a chemical and mechanical loss in the leaching 
operation of about 25%. The precipitated copper is not contami- 
nated with other metals more electro-positive, such as iron, as 
they will not be precipitated under the same conditions. The ferric 

• 

^^on present in the solution will use up some of the sulphur dioxide 
**Jid convert it into sulphuric acid which will be an added advantage 
*^ the process, and, at the same time, the reduced ferrous sulphate 

• 

^^ the solution, when agitated with air, is an excellent leaching 
^^ent for copper. 

Tt will be noted that the amount of copper precipitated, expressed 
"^ percentage by weight, corresponds, within certain limits, to the 
^^tio of the amount of S0._. employed to the amount of copper con- 
^^ined in the solution. For instance, if the solution contains 1.5% 
^^pper and the amount of S0._. employed is 1.5%, then approximately 
^00% of the copper present will be precipitated as metallic copper. 
^, if the same 1.5% copper solution contains 1% SOo, then approxi- 
mately 66% of the copper present will be precipitated as metallic 
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copper. If the percentage of SOg exceeds 1.5%, a complete precipita- 
tion of the 1.5% copper solution will be obtained, but will consist 
more or less of oxides, sulphites, and the like. 

It will, of course, be understood that I do not claim broadly the 
use of sulphur dioxide as a precipitating agent in the treatment o 
copper sulphate solutions, inasmuch as the general reaction, as 
hereinbefore indicated, is well known, and its utilization, for com- 
mercial purposes, has been heretofore attempted. In every sue 
attempt, however, in so far as I am aware, the precipitation of th 
copper in the metallic state substantially quantitatively has not" ^z 
even been approximated, and even its precipitation in the form ot: ^:z 
a mixture consisting largely of oxides, and sulphides accompanies:^' ^ 
sometimes with a relatively small proportion of metallic copper has..^ 
been incomplete. By the practice of the present invention, on th 
contrary, practically complete precipitation of all the copper in th 
solution may be obtained in the metallic form, by observing the co 
ditions of temperature and pressure and of concentration of th* 
sulphur dioxide solution relatively to the concentration of the copr 
per in solution in the sulphate liquor, as hereinbefore specific 
and, even with higher concentrations of copper in solution, and 
higher temperatures and pressures, the preliminary neutralization 

the free acid permits the complete precipitation of the copp < s r 

partly in the metallic state. So also, with the employment of t\ 
preferred conditions of temperature and pressure hereinbefore spe 
fied, even though the concentration of the copper in solution may ei 
ceed the optimum, a much larger proportion of copper in the metall 
form will bo precipitated than is obtainable, in so far as I am awa 
in the commercial practice of any other process based upon t 
employment of sulphur dioxide in the reversible reaction quoted. 

By the term ''substantially quantitatively" as used in the spe 
ficaticm and claims is to be understood such a precipitation as w 
result in a residual leach liquor, which when used as a final wa 
water, will leave associated with the spent ore an amount of cop 
so small that it shall not represent a material loss; that is, a If^ 
whose maximum may ])c said to be one-fourth of the amount 
copper originally present in the ore. 







HYDRO-METALLURGY Or COPPER IN 1913 
By Thomas T. Rkaii 
(January 3, 1914.) 

It is somewhat illogical to place the diaciiasion of the hydro-mctal- 
torgy of copper before that of ordinary snidting methods. But this 
leveisHl is perhaps justified by the present keeu interest in wet 
Jtoethods for the extraction of copper from its ores, arising from the 
Messity for devising some means to recover the copper present in 
l^e form of oxidized minerals in the enormous tonnages of low-grade 
! now being mined and milled in many different places. The 
xides, carbonates, and silicate of copper are all rebellious both to 
r^mary wet concentration and to flotation, and the use of hydrn- 
Aetallurgical processes seems the only possible means of effecting 
e recovery of their copper content. The general criteria of the 
pydra-nietallurgy of copper has been discussed at some length on 
leveral occasions,' and needs no further references. All the most 
"omising of recent work has centred around leaching in sulphuric 
leid solutiou. The simplest method, to be applied on the largest 
fcale, is that proposed for the broehantite ore of the Chile Copper 
Co., Chnquieamata. This bus already been described at some length,^ 
''Ut may be summarized by saying that careful large-scale experi- 
mental work done by E. A. C. Smith has demonstrated that the cop- 
per content of this hydrous sulphate of copper can be extracted by 
'•^aching the ore, after crushing to :i-mcsh, with 8 or 9% sulphuric- 
3eid solution. This is to he done in concrete vats holding 9000 tons 
'iich, and it is estimated that one day will suffice for tilling, two or 
thpee days for lenching and washing, and one day for discharging, 
''■'hich is to be done with clam-shell buckets. The copper in the 
Pfegnant solution will be precipitated electrolytically, a 40,000-kw. 
s^ciierating station on the seacoaat and a 100-mile trausniission line 
■'Ring already under construction. This ore contains no gold, silver, 
"'snuith, arsenic, or antimony and, being n sulphate, the solution 
'"•ilds up in sulphuric acid, so that acid consumption is nil. Small 
"*J»oiints of chlorides and nitrates are present and cause difficulties 
^*'hieh have been successfully overcome, but the means by which 
*■** is is done have not yet been disclosed. 

"Wet Methods or Copper Extraction,' Editorial, Sept. 21, 1912; 'Sulphuric 
^*^ld Leaching,' Editorial, Aug. 16. 1913; 'Leaching ot Copper Ores,' Johp 
^*X3ke-Cowel1, Aug. 23, 1913. 

""Leaching of Copptr Ores la Chile,' Editorial, Mining and Sdenlillc Press, 
(i21. 1913. 
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Leaching work at the Braden has been delayed by more urgent 
problems, and the necessity of using the available electric energy 
for other purposes. E. A. Cappelen Smith has recently described 
the proposed process as follows : *'The process decided on was roast- 
ing of the concentrate in a Wedge furnaw in such a manner as to 
eliminate practically all of the sulphur and at the same time oxidize 
all the-iron to the ferric state. The concentrate, after roasting, con- 
tained 2 to 3% sulphur, practically all in the form of sulphate, 15 to 
18% copper, and about the same amount of iron of whi(*li only a very 
small amount was present in the ferrous state. The roasted concen- 
trate was leached with dilute sulphuric acid, the leaching operation 
being divided into two stages: first, neutralizing leaching; second. 
acid leaching. The solution from the neutralizing leaching was 
electrolyzed direct, w^hereas the solution from the acid leaching was 
neutralized by the following batch of calcines. Several leachings 
made in the plant indicate an extraction of b(»tween 90 and 95% of 
the copper present in the concentrate.'' 

The most interesting announcement of the year* was that roasting 
and leaching with sulphuric acid, following a method devised by 
Frederick Laist, was to be tested on a large scale for treating the 
tailing from wet-concentration ])rocesses at Anaconda. An 80-ton 
experimental plant was constructed, and the results of th(^ first work 
Were published* during the summer. As this paper is readily ac- 
t'essible and contains many important detnils, it should be read by all. 
'briefly, the process consists in drying the tailing from wet concen- 
tration on the upper hearths of a ^IcDougall roaster, ndduig salt, 
and roasting at a low temperature to keep down the V(»lHtization of 
copper chloride and the production of ferrites. The calcine is then 
b'ached with sulphuric acid solution. Kxperiniental work later in 
the year has been highly successful. It was at first proposed to 
precipitate the copper from this solution ])y ILS, thus regenerating 
II2SO4, but more recent work indicates the desirability of using an 
^'■on sponge produced by reducing 20-mesh calcine with coal dust 
''la McDougall furnace. The sulphuric acid reipiired for leaching 

• 

^^ to be made in lead chambers, from th(^ SO., gas obtain<'d in roast- 
^'^Srich coarse concentrate, at an estinuited cost of Jt^4 per ton. Ten- 
tative plans for a 2000-ton plant are well advain-ed. As a result of 
"^ success of this work exy)erim<'nts along similar lin(»s are being 
''***cl|» at several plae(»s. 

"^^ditorial. Mininu ami tilcientifir Press. May r,. 19i:i. 

**Hoa8tinK and Leaching TailiiiRS at Anaooiula,' P^roderick T^aist. Bull, 
^*^er. Inst. Mln. Eng., July 1913. 
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In preceding years I have usually closed the diseiusioii of 
topic with an expression of hope that by the following year details 
of the practical operation of leaching plants would be available. 
That hope has at last been rewarded, P. E. Peterson' having pub- 
lished descriptions of the Butte-Duluth and Bnllwhacker plants, 
which were erected at Butte last year. It is to be deplored that these 
descriptions do not include any account of the numerous difficulties 
encountered in the early operation of these plants, as being more 
helpful to operators elsewhere than the methods found successful. 
These plants operate under special conditions, in that they treat 
silieious ore comparatively free from the iron oxides present in ordi- 
nary oxidized ores. The Butte-Duluth plant is lOO-ton and the Bull- 
whacker 125-ton. At the Butte-Duluth the ore is crushed, by gyratorv- 
and Synions disc crushers, only through a %-in. screen. The ^/^-in. 
ore is dumped into V-shaped leaching vats, provided with a filter bot- 
tom of boards bored with %-in. holes. After leaching with acid, the 
vats arc discharged through doors in the bottom. The solution is 
drawn from the vats, allowed to settle, elevated to lead-lined tanks, 
where it is heated to eO'^C, and thence to the electrolytic cells. 
Each of these is 30 by 39 in. and 8 ft. long, lined with hard lead, 
and provided with 20 anodes of hard lead, weighing 20 lb. per square 
foot. The cathodes are ordinary starting sheets of copper. The 
current density used is 12 to 13 amperes per square foot, and the 
cathodes assay 99.96% chopper, according to Mr. Peterson. The 
present cost is estimated by him as 14c. per pound of copper, but 
he thinks this can be considerably reduced, as the sulphuric acid re- 
quired now costs $27 per ton or 4%c. x)er pound of copper produced. 
If locally manufactured on a larj»e scale, the sulphuric acid should 
not cost over 1 VL^C- V^^ pound of copper. 

The percentajJTO of extraction on the V*»-iu. ore was so low by the 
nietho<i described by Mr. Peterson that it was necessary to abandon 
it and the following modified ])rocess has now been adopted. . The 
Company is buildinp: a 10()0-ton dry-crushing plant to reduce the ore 
to 10 mesh. This consists of a swinpr-jaw crusher, intermediate gyra- 
tory crusher, Symons disc crusher, rolls, and impact screens. 
The dry ore is fed to a mixer with approximately four 
times its weiprht of 8 to 10% sulphuric acid which dis- 
charges to a Dorr classifier, which is the first of a series of 6 arranged 
in such a manner that the sand will discharp:e from one into the next. 
Various times of contact with the acid in the first four Dorr classi- 
fiers were tried out and it was found that approximately 40 minutes 



Wiw. Eng. World, Sept. 6 (p. 423) and Oct. 4 (p. 585), 1913. 
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gave an extraction between 83 bikI i)0^. The last two classifiers, Xo. 
5 and 6, in thp scries, are used for washing. The overflow from No. 
5 is nsed to ninke up for the loss of acid in the strong acid solution. 
The overflow from No. 1 clasattier carries oflf approximately abont 
13% of the tolal weight of ore as slime. This, as well as the over- 
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K from classifiers 2, '.i, and 4 are run to the acid leaehiiiK-taiiks in 
be bottom of which is a layer of crushed ope to act as a filter. The 
^derflow from these filters passes to the electrolytic cells and on to 
j^e strung acid storai;e- tanks where the solntion is hroiiKht tip 
^i8 method of rnnniug the slime to the acid leaching-tanks is only 
mporary ns later on it is intended to recover the dissolved cupper 
iDtent by passing this pnlp throii^rh a aeries of Dorr eontimioiis 
iliekeiiers njierated so as to give counter-current washing. 



:n8 
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The second water wash, which is applied to the last t-lassiOf 
to scrap iron precipitation. The aand diaeharged from the cli 
sifiers approximates 18 to 20% moisture. \o, 1 elassifier in t 
si'ries is a machine ^iO ft. long by 4 ft. 6 in. wide. The rest of t 
clasBifiers are of standard duplex size, 15 ft. long by 4 ft. 6 in. wi< 




These inuchines are built with wooden boxes and all moving pi* 
that eome in contact with the aeid. are also built of wood (hard u 
pie). The wear of the wooden teeth ia surprisingly small, hut tlie * 
pcrinientation has shown that plate glass teeth are the proper ones 
use here, and will he installed in any future classifiers built for tJ 
purpose. This series of 6 elasRiliers is operating at the present ti" 
and has a capacity of approximately 200 to 220 tons per 24 honrs. 
Thf Dorr Cyatilde MaehiiK-ry Co. is building another series of 
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shines each 30 ft. long by 8 ft. wide, which should have a capacity 
:O0 to 500 tons of ore per day. At. the present time strong acid 
ition is being added with the ore to No. 1 classifier, but later on 
practice will be altered and the overtlow from No. 5 Dorr classi- 
will be mixed with the dry ore ; the advantage of this being that 
strong solutions can be kept from coming in contact with the 
le, the weak acid solution not taking iron and aluminum into 
Ltion so readily as the strong. All solutions in the plant are kept 
approximately 55°G. The cost of this in the northern winter 
aate is likely to form a considerable item of the total working 
t. 

Jince the above was written, the leaching of the Butte-Duluth 
s in Dorr classifiers has given such favorable results that anothei* 
chine has been added to the first series, making seven in all, and a 
ond line of large classifiers, each 30 by 8 ft. wide is now being in- 
lled. The whole of the slime and solution from these machines 
I be run to acid proof Dorr thickeners, the clear overflow passing 
the electrolytic cells and the thick under-flow being washed with 
Ten solution and water. 

Valter H. Weed has made** the following statement regarding the 
rations at this plant : **The mill feed for the past six months has 
raged 2.01% copper. ♦ ♦ ♦ ♦ The ore passes through the leach- 
machine in 32V^ minutes and 88% of the copper content is ex- 
c'ted by the solution. The consumption of acid is 67yo lb. of 60% 
phuric acid per ton of ore. No trouble is experienced from fouling 
the solution, the constant accession of first-wash water and of 
sh acid diluting the amount of iron and alumina. The solution 
•eturned to the machine after settling in tanks until it contains 

4% copper and 9 to 19% acid. It is then pumped to the elec- 
lytic cell room, where the copper content is recovered on cathode 
ets. 

The waste solutions and wash waters are sent to the concen- 
tion plant and copper content recovered as cement copper. The 
put of the plant in January, 1914, was 55,000 lb. of electrolytic 
i about 40,000 lb. of fine copper in the form of cement copper. 
The estimated costs of mining and treatment given herein are 
ed on figures taken from the company's records. The plant has 
n so much bettered in the past few weeks and the present treat- 
it, with lowered costs, has been in operation so short a time 
t the figures given must be accepted as a reliable estimate, 

1 not as a record of actual experience for the past year. The 

Un. & Eng. World, Feb. 21. 1914. p. 377. 
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present cost, using both leaching tanks and the leaching machine, 
is $3 per ton of ore. The present plant is treating a little more 
than 100 tons per day, the total tonnage in January amounting to 
3200 tons of ore. I firmly believe very material improvement made 
by Mr. Sherwood in the cell room and the taking out of the rect- 
angular leaching tanks will reduce the costs, even with the present 
plant, to $2.70 per ton of ore treated." 

At the HuUwhacker plant, which is near by, the ore, crushed to 
IG mesh, is agitated with 10% H2SO4 solution, 2 tons of solution 
to 1 of ore, in a Ilendryx agitator. The efBuent solution, con- 
taining as much as 4 to 5% copper, is decanted from settling 
tanks, and sent to electrolytic cells which differ from those pre- 
viously described in being circular, 9 ft. in diameter and 5 ft. deep, 
holding 24 cathodes. About half of the copper content of the 
solution is deposited electrolytically, and it then goes back to be 
used for further leaching. The cost of production of copper is here 
also about 14c. per pound. 

The diffieulties of the method employed in these two mills are. 
perhaps not unnaturally, not discussed at length. They may be sum- 
uiarixiHl as follows: fine crushing is necessary in order that the 
eopper minerals shall be completely soluble, but leads to the pro- 
tluetion of eolloids ('slime') which make the solution cloudy and 
ditYieult to settle. It is, of course, impossible to deposit a pure 
enthiule from a solution containing impurities. The leached ore is 
ditVieult to wash for the same reason, and also because the use of 
washwater involves the discharge of solution, which carries away 
with it not only the expensive sulphuric acid but copper as welL 
This eopper ean be precipitated on iron, but the consumption of 
inui by the aeid cuts down the net return. The difficulties and exces- 
sive eonsuniption of (»nerjry in precipitating copper electrolytically 
wlien using an insoluble anode are too well known to need repetition. 
Here tlie resistanee of tht* solution has been decreased by preheating 
it, anil its eonduetivity is kept as hijrh as possible by only precipit- 
ating \u\U i>l* the eopper present. At several other mines, notably 
the Nevada-l>ousrlas, preparations are l)eing made for the constnic- 
tion of similar plants, hut it is not to he expeeted that these can be 
put into operation without tirst striving local problems. 

.\t nearly every important eopper mine in the West some member 
of the eltemieal or metallurgieal statf is studying hydro-metallurgical 
pivblems in the light of local conditions. The work at the Shannon, 
ralumet vV: .Vri/.ona iAjo\ and Arizona Copper mines was de- 
»eiihed in my review for the last year, aiul no reports of progress 
have siuee been given out. M the Keystt>ne and Inspiration, both at 
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FlO. 53. BULLWHACKEB FLOW-SHEET. 



^liami, interesting working is being done. J. Parke Channing has 
described this work in the Bulletin of the Mining and Metallurgical 
Society of America. B. S. Canby, at the Keystone, suggests the 
possibility of using cast iron hearths as at the Steptoe Valley 
smeltiag plant, in the McDougall roasting furnaces, so that the 
fuel used on one hearth would better heat those above. He pro- 
eposes to use a special design of burner which will permit the use 
of oil as a fuel along with the maintaining of a low temperature 
on the hearth. The research for the Inspiration is being done at 
the University of Pittsburgh, under the direction of R. K. Duncan. 
At the Copper Queen the leaching of low-grade ores is also being 
studied. 

W. Y. Westervelt describes in some detail, in the November 
BtiUdin of the Mining and Metallurgical Society, the following 
record of a 33-day test on the average ore at the Ray mine in 
Arizona. 

"The ore in the vats at the beginning of the tests was carefully 

®*ttipled and assayed by the vat. That added during the test was 

Weighed, sampled, and assayed by the vat charges of 200 lb. each. 

•'^^iling rejected during the test was sampled, and assayed by the 

^^^ discharged. The ore remaining in the vats at the end of the 

te%t; ^ng sampled and assayed by the vat. 

* At the beginning of the tests the solutions in the vats were care- 
^^ly drawn off, measured, and sampled. The same was done in- 
dependently with that in the electrolytic tank, and again iudepen- 
^^Xktly with that in the storage tanks. All acid added (commercial 
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Fio. 54, New Flow-sheet of Buttb-Duluth Plabt. 
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Flu. 65. OxiuixAi, Fiow-siiKET, BrTTE-DuLUTn Plant. 

66°B. mtlphuric acid) whs cari;fully weighed as added. AdditW 
of water wire measured, the condition of the solution was dit 
determined by usaa.v, and on completion of the test, complete M 
Niireiuent and assay was again resorted to. 

"The electrolytic copper deposited on copper cathodes previoM 
made from the Ray ore by stripping the deiwsition on rolled copp 
sheets. These cathwien were removed and weighed daily. The n 
age maintHined at the tank was determined hourly by a Weston to 
if- ' "ftpahle of Wing read to 0.01 volt. The amperes were c 
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torniiiied both liy Iwiirly rendiiitrs of ii Wi'ston aninioUT *uid by 
I'iieckiag against the daily weighings of a standard copper volt- 
meter. 

"The heatiug was done sulely in tht leaching V8t« hy meaDH of 
closed lead-pipe coils placed in the bottoms. Steam was supplied to 
thps*" enils from a main line running over the five vata and the con- 
ilerisrd water was all seeured hy connecting the ends of the eoils 
ivith the mnin drain pipe, the latter itself discharging into a meaaiir- 
inc ean. The steam supply was regidated by a valve to each coil, as 
was also the discharge into the drain pipe, by another valve. The 
ilrain pipe itself, in which the the condensed water accumulated, 
I kept closed by a valve so that no imcondensed steam could 
eaeape. 

"The ratio of volume to surface of the vats employed was 3.03, 
while that of 26-ft., 100-ton vats is 0.487, or less than 1/6. In other 
Words, the heat radiating and conveying surface of the experimental 
plant was over six times as great proportionately as would be that 
I of a 100-ton vat plant. Again, the evaporative surface of an operat- 
t plant would not be 14 as great proportionately as that of the 
perimeutal plant, while a considerable part of the steam eondens- 
ftte surface in the experimental plant was outside the vats, thus 
) work, while registering as condensed steam. Due allow- 
■uice was accordingly made for these which may he summarized kb 

Copper deposited, total run iOM lb. 

'^pper depoBlted. per diem 1.22 " 

*ni(iunt ore in vats 1000.00 " 

Copper deposited per diem, per Ion In vats (0.132%) 2.44 '" 

Oayg required to extract 40 lb. per ton 16.4 days 

■^*ld consumed 91.4 lb. 

*cid consumed per pound copper deposited 2.27 lb. 

^Ripere-bours consumed 22.382 

■*tnpe re- voltage 1.7 

Hllowatt-houra S8.0494 

Kilowatt-hour per pound copper 0.S45 

Ainpe re-bo u re consumed per pound copper 5EG.0 

Steam condensed per pound copper deposited :i.1.0 lb. 

Eitracllon 80% 

■Average temperature of vata , 72°C. 

Assay ot tailing 0.3% 

.t the Bwana M'Kubwa mine it wa.s proposed tu usi' the Siemens- 
lake process; presumably in much the same form described above, 
this process has now been dropped, and the Mackay process 
be tried. The Bradley leaching plant at Anaconda has closed 
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down, having proved a failure. The variona other patented proc- 
esses seem not to have made much headway during tiie year. The 
McKay process, which is now being developed by Archibald Car- 
michael, was under investigation by important interests, but negoti- 
ations have been dropped. The owners of the Alexander process are 
canying on experiments, but have made no report of progress. The 
same may be said of the Robertson process. The Irving process is 
elsewhere described by L. S. Austin. The leaching of the copper con- 
tained in the burned cinder from sulphuric acid making is being 
done is a number of places, but is quite a different operation from 
the leaching of raw or roasted ore. In the precipitation of copper 
from mine-water, J. W. Richards has suggested that if the scrap iron 
used for this purpose were laid upon sheets of copper, a galvanic 
couple would be established and the surface of the iron kept cleaner 
and consequently more efficient. It is proposed to use sponge iron for 
this purpose in place of the usual scrap iron, but the experiment has 
not yet been made. In conclusion, it may be said that the experi- 
mental work at Anaconda has demonstrated the possibility of roast- 
ing sulphide tailing tailing at a low cost, and the leaching plants at 
the Bullwhacker and Butte-Duluth have demonstrated the practic- 
ability of sulphuric acid leaching and electrolytic precipitation for 
oxidized silicious ores, with prospects of attaining a low cost. It 
must not be forgotten, however, that local conditions create fresh 
problems at each mine. 



PRECIPITATION OF COPPER FROM MINE WATERS 

By Plotd Bushnell 
(November 18, 1911.) 

AltlHuigh eopi>er has been hovering around the 13c. mark for the 
past four years, the precipitation of copper in the Butte district has 
not ileereasod as much as might have been expected. Several of the 
smaller and less prosperous plants on Silverbow creek on the south 
si<l(» have been compelled to discontinue operations, but the larger 
are running at full capacity. 

Prod Miller was the first to undertake the precipitation of the 
copper contained in the water pumped from the mines at Butte, and 
while his methods were crude, ccHupared with those of the present 
(lay, he was fairly successful. ^Miller dammed back the water in 
small ponds, into which he threw tin cans and scrap iron; after the 
metal disappeannl he drained the ponds and scraped up the pre- 
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pitate. Others hecanie interested and encroached upon his rights, 
hereupon he became discouraged aiid quit the business. 
William Ledford, in 1901, was the first to put copper precipita- 
on on a business basis. He secured a three-year lease on the water 
■om the St. Lawrence and Anaconda mines at a 25% royalty. Led- 




& M. Company, 

I was subjected to much criticism because of his so-called foolish 
ire, but during the life of the lease he cleared $100,000. Durinfi; 
his leasv the copper water became so strong that in a short time it 
orroded the pipes through which it was pumped to the surface, 
'hereupon the companies weakened the water by passing it over 
'On underground. Ledford contested this on the ground that he 
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was to have the sole right of precipitation. He sued the Anaconda 
company and was awarded several thousand dollars damages. After 
this successful venture the companies refused to give further leases, 
and the larger companies have since been doing their own precipita- 
tion ; the Amalgamated, the Boston & Montana, Qagnon, Original, 
and other mines have plants at their properties. However, there are 
a few smaller companies that lease their copper water. 

The plant at the Original mine has about the most economical 
svstem in Butte. Three men take care of 1400 linear feet of boxes. 
This company is the first to use the hose-washing system, which is 
decidedly oflpective. City water, under good pressure, is piped to all 
parts of the boxes, and at regular intervals the precipitate is washed 
from the half-eaten metal and from the bottom of the boxes. The 
precipitate is protected by means of a shelf, 2 in. from the bottom, 
and once it is separated from the metal, is unimpeded in its course 
to the tanks. This system is so arranged that the copper water may 
be shut off from any part of the plant. The high-grade precipitate 
is flushed into tanks 2 by 7 by 9 ft. in a steam-drying room. There 
are two tanks, each holding 21 tons, and these are filled several 
times per month. 

The plants which secure their water direct from the mines and 
• li r' oprfrMod on the sites of abandoned smelters have water with 
by far the highest copper content. The water as it comes from the 
mines averages from 0.04 to 0.06% copper. With the 0.06% water 
precipitate as high as 90% is secured, and from this it runs as low 
as 30% copper. Some of the operators are so fortunate in the situa- 
tion of their plants that they can cause the water to flow through 
the tailing heaps of abandoned plants, thereby materially increasing 
the copper content of the water. 

There are at present two methods of precipitation, the box system 
and the tower system, the latter being generally conceded to be the 
more sucerssfnl. as the towers occupy less space and the water is 
brought more thoroughly into contact with the iron. The box sys 
tern consists of a series of troughs from 1 to 3 ft. wide and 1 ft. deep, 
covering a great deal of surface. The boxes are so arranged that 
there is a gentle incline and the water flows naturally through them. 
The scrap iron and tin cans are thrown into these troughs. The 
copper precipitate, after being washed through the many compart- 
ments, sinks to the bottom of the receiving-tank, which is cleaned 
out about once a month. 

Tlu* tower system was introduced about eleven years ago by Hud- 
dleston & Turner. The usual tower is about 3 ft. wide. 20 ft. high. 
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and 30 ft. long, and is partitioned nff by meana of floors IS in. apart. 
These floors are mudo of 2 by 4-iu. seaatlitig^, placed 3 in. apart, 
numiog lengthwise. Tin cans and scrap iron are placed on the 
(veral floora. By means of a small piimp the copper water is 
led to the top of the tower, where it is distributed equally over 




'"v aurap iron. The tin cans and smaller pieces of iron are eaten 
*»«y in a eoniparatively short time, but the larger pieces must bf* 
*'»ped regularly to remove the precipitate. The latter is washed 
<* the bottom and then into tanks alongside the towers. 
The operators sell their output to the smelters at 4e. less than the 
Wl'ket qiiolati'in for copper: the ship[>er Kuist pay a IreatnienI 
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charge of $5 per ton. The cost of making a pound of copper is esti- 
mated at between 7 and 8c., so that with the present price of copper 
there is not a very large profit. Theoretically a pound of tin or iron 
will precipitate its chemical equivalent in copper. Tin cans are 
used where the water is weaker, and iron and steel are sought after 
by those who have stronger water. A test made with the same 
water shows that tin cans produced a 33% copper precipitate, and 
iron 50%. At many of the plants one or two men do nothing but 
remove the paper from and punch holes in cans in order that the free 
passage of water may not be interfered with. 

It might be thought that the plants would be compelled to close in 
winter, but such is not the case. The water coming in from the 
mines is quite warm, and the chemical action of precipitation liber- 
ates heat. The water has a greater percentage of copper in it dur- 
ing the winter months because there is no surface water to dilute it. 
As a matter of fact, almost as much copper can be made in winter 
as in summer. One peculiar feature of this woi^ is that the streets 
and alleys of Butte are kept free of tin cans and scrap iron. Because 
of the increased demand for scrap iron for precipitation purposes 
during the past five years the price of old iron has increased from $7 
to $12 and $14 per ton ; $10 is the average price for a ton of tin cans. 
Men and boys make a living in the larger towns of the state securing 
material for these plants. It is hard to give the exact amount of pre- 
cipitate produced in the Butte district, but a conservative operator 
places it at 700 tons per month. If anything, this estimate is low. 

The Boston & Montana plant, at Meaderville, securing its copper 
water from the two Leonard mines, the West Colusa, and other 
properties, is one of the largest and most up to date in the district. . 
Two flumes. 1000 ft. long and 4^4 ft. wide, 800 linear feet of boxes, \ 
and four large towers are operated by this company. The towers I 
are 100 ft. long, 30 ft. high, and 6 to 8 ft. wide. The lower towers 
have two electric elevators to raise the iron to the top of the towers- 
The precipitate is dried to 8% moisture, barreled, and shipped in 
30-ton lots to Qreat Palls for treatment; three shipments per month 
is the average output. The average strength of the Boston & 
Montana copper water is 0.05% copper. But during the fire that 
raged several years ago in the underground workings of the ^^^^ 
Colusa and other mines, the percentage of the water ran as hifi*^ 
as 0.32%. While the water was at this great strength 90% copP^^ 
precipitate was produced and the average monthly shipment ^ 
precipitate was 9 carloads. Under normal conditions the precipi^^ 
averaged 60% copper. . 

The charge was made in a recent issue of a mining journal t-*^ 
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the methods employed in Butte are crude and wasteful as compared 
with the plants at the Rio Tinto mines, where the water runs as 
high as 0.2 and 0.3% copper. A comparison between the methods 
employed at these two places is absurd; the water from the Rio 
Tinto mines, after having run through the precipitating plants, is 
as strong as the water coming from the Butte mines. The charge 
was also made that strong copper water flowed down Silverbow 
creek, past all the precipitating plants. Such a statement is abso- 
lutely false. An assay of the water after it passes the last precipi- 
tating plant shows the exceedingly small percentage of 0.0002 cop- 
per. 



PRECIPITATION OF COPPER FROM MINE WATERS 

(Discussion, February 3, 1912.) 
The Editor: 

Sir — ^The article, 'Precipitation of Copper from Mine Waters,' 
contained in your issue of November 18, invites comment and cor- 
rection — certainly here in Spain, the *home' of the ancient process. 
It is well known in Europe that this process of the precipitation — 
in Spanish eementacion — of copper contained in vitriolous waters 
was patented and practiced at Rio Tinto as early as the sixteenth 
century. 

^According to the Official Record, the following operations took 
place at Rio Tinto on the 9th of May, 1752, and following days 
(translated) : 

**Note of iron placed in the ranale.s of cementation tanks on that 
^ay at 12 o'clock noon and on the following days: 

Arrohras. Libras. 

'^^nchuela de Viacaya.* Sheet iron 24 1 

'Sierro Yiejo: Scrap iron 6 21 

I>la 10, & las 11 del dia 2 7 

15, & las 7 de la tarde (p.m.). Sheet iron 49 2 

16, & las 7 de la mafiana (a«m.). idem 3 14 

19, & las 7 de la mafiana (a.m.), idem 23 24 



The well recorded history of this process may be recapitulated 
thus: Basil Valentine, who wrote about 1500, in his instructive 
Currus Triumphalis Aniimoniij indicates this method of the extraction 
of copper. 

ft was in practice in the Lower Hartz until the middle of the 



*^guler, *LaJchimie et les alchimiates: 
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sixteenth century, when it was substituted by another process, as 
took place at the mines of Rammelsberg on the banks of the Oker.- 

Alonzo Barba' describes this process as it was in operation in Peru 
before the year 1637. 

In 1661 a licencia was granted by the Crown*, at Madrid, to 
Alvaro Alonso de Garfias ; while in the year 1695 a similar privilege 
was conceded by the same authority to Rogue Salas y Ulloa : to ex- 
tract the copper from the vitriolous waters of Rio Tinto. 

The same process, or the precipitation of the copper contents of 
* mine-water' by placing iron in it, has also been treated of and 
described by Hermann, Figueroa, Heron de Villapose, Guenyvean, 
and others. 

But what is equally surprising is the allegation made also in the 
last paragraph of the article under examination, that **the water 
from the Rio Tinto mines, after having run through the precipitat- 
ing plants, is a strong as the water coming from the Butte mines." 
Presumably he means us to infer, as to these latter, in their untreat- 
ed state. This is quite in harmony with the other allegations. But 
if that actually is so, then the shareholders of the Rio Tinto company 
can with good reason charge the local management with a wicked 
waste of copper : for the inference is that a certain quantity of cop- 
per is daily being lost because of unskillful treatment and of waste- 
ful supervision ! But fortunately for their pockets, and, too, for the 
credit of those engaged in the huge work of cementacion or precipita- 
tion as at Rio Tinto is performed, that is not so. The final passages 
**that the water (at Butte) after it passes the last precipitatin 
plant, shows the exceedingly small percentage of 0.0002 of copper/'^ 
should be very satisfactory to the Butte interests — if that actmll^^ 
is the case. 

W. G. Nash. 

Minas dc Rio Tinto, Spain. 

[Mr. Nash's unfamiliarity with the conditions existing in Bntt^-^5 
leads him somewhat astray in his criticism, and for that reason par^'t- 
of his letter is here omitted. The work at Butte and Rio Tinto "■ ^ 
not strictly comparable; at the former the mine water, free fro' 
harmful impurities except small amounts of arsenic, is the solutir> 
used, at the latter a comparatively strong solution of iron and co 
per sulphates is employed. Under the conditions obtaining ^* 
Butte it is found that but little of this arsenic is precipitated, h^wtm^ 



'Schlutter, 'De la fonte des Mines,* Vol. 2. 

^'Alonzo Barba. 'Arts de Met,' I, 121. 

♦Nash. 'Hist, of the Rio Tinto Mines/ p. 140. 
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though present in the water in the proportion of 1 of arsenic to 
17 of copper, only 1 to 500 occurs in the hiofh-*?rado cement copper 
and 1 to 20 in the low grade. It is thus possible to carry the precipi- 
tation of the copper to a very low content. — EniToii.] 



PBECIPITATION OF COPPER FROM MINE WATER AT BUTTE 

(September 28, 1912.) 

The large amount of copper annually recovered from copper-bear- 
ing water at Butte is not generally realized. In 1910, a total of 
4,558,850 lb. of copper was recovered by precipitation on scrap iron. 
In 1911 the water pumped from the Leonard shaft yielded 600,000 
lb., while the water from the High Ore shaft yielded about the same 
quantity. Not all of this large quantity is produced from the mine 
water, however, as the leaching of old tailing, slag, and waste heaps 
by lessees adds very materially to the output. The recovery of cop- 
per from the mine water is of the greatest interest, however, since 
the quantity thus recovered is sufficient to pay the cost of pumping 
and yield a small profit. Handling the underground water, instead 
of being a heavy burden on the cost of working, is at Butte a small 
source of profit. 

It is difficult to give exact data regarding the precipitation of the 
copper, since the character of the mine water varies a good deal, 
both according to the season of the year and according to the part 
of the woiicings from which it is derived. At one time much water 
was used in the Leonard mine in an attempt to extinguish an under- 
ground fire. The copper-content of the water obtained from this 
part of the workings was considerably above the average, but for 
some nnknowii reason this water formed a curious precipitate upon 
the iron, resembling fungus growths, which greatly interfered with 
its efficiency as a precipitant. Similar growths are also found with- 
in the mine, often on the mine timbers, and have given rise to much 
diseussion as to whether they are vegetable or mineral growths. The 
following is an analysis of the water from the Leonard mine : 

Per cent. 

Copper 0.0122 

Iron, saspended 0.0127 

Iron, solution 0.0067 

Arsenic 0.00026 

Antimony 0.000088 

Free HfiO^ 0.0139 

The water is handled by pumps with bronze working-parts, and 
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pumped through a column-pipe lined with wood or lead. On the 
surface the water is passed through a series of boxes and trays. At 
ftrst the water flows at a rapid rate over large pieces of scrap iron 
and steel, and the precipitate collected at this point is high-^rade, 
containing as much as 80% copper. Farther down smaller pieces 
of iron are used and a slower rate of flow. The final precipitation 
is accomplished on small scraps, chiefly old tin cans spread in layers 
m trays, the water dripping slowly from one layer to another. In 
this way practically complete precipitation is secured, analysis 
showing that with mine water which carries 0.03893% copper, the 
final effluent carries only 0.00036% copper, corresponding to an 
extraction of 99.1% of the copper in the water. The low copper 
content of the escaping water has been compared with that of the 
effluent solution at Bio Tinto, but it must be remembered that at 
Bio Tinto the copper-bearing solution carries 0.4% copper and the 
0.002% copper content of the effluent solution corresponds to an ex- 
traction of 99.5%. Another analysis of Butte mine water shows 
an original content of 0.0099% copper, the water entering at 73''F. 
and escaping at 65^F. with a copper content of 0.0008%, correspond- 
ing to a 92% extraction. The average copper Qontent of the preci- 
pitate is 45%. A curious fact worth noting is that the arsenic con- 
tent of the mine water at Butte is extremely low (less than 0.0003%), 
although about one-quarter of the copper present in the ore is in the 
mineral enargite, which contains nearly 20% arsenic. At Bio Tinto, 
on the other hand, the amount of arsenic present in the ore is 
small, yet according to C. H. Jones* the copper-bearing solution 
contains 0.03% arsenic. This and the fact .that pig iron instead of 
scrap steel is used for precipitation of the copper has a marked ef- 
fect upon the process there employed, for both the arsenic and phas- 
phorus come down in the final stages of the process, and form most 
undersirable constituents of the copper precipitate. It is not feasi- 
ble, therefore, to reduce the copper content of the effluent solution 
so low as at Butte. At Bio Tinto, 140 lb. of pig iron is required to 
precipitate 100 lb. of copper, and at Butte about 150 lb. of scrap 
iron and steel is required. 



•Trans. Amer. Inst. Min. Eng. XXXV:6. (1905). 
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PRECIPITATION OF COPPER FROM MINE WATERS 

(Discussion, February 24, 1912.) 
The Editor: 

Sir — A reference to the precipitation oi' copper from sulphate 
solution by the use of metallic iron, which does not appear to have 
come to the attention of your Rio Tinto correspondent, W. G. Nash, 
and which has considerable interest for students of the subject, is 
found in the writings of Aureolus Philippus Theophrastils Bombast, 
of Hohenheim, called * Paracelsus the Great,' who was born about 
1493 and died in 1541. In the *Book concerning the Tincture of the 
Philosophers/ chapter VI, is found the following statement: 

**This work is a wonderful one in the light of Nature, viz., that 
by the Magistery or the operation of the Spagyrist, a metal which 
formerly existed should perish and another be produced. This fact 
has rendered that same Aristotle, with his ill-founded philosophy, 
fatuous. For truly, when the rustics in Hungary cast iron at the 
proper season into a certain fountain, commonly called Ziflferbrun- 
nen, it is consumed into rust and when this is liquefied with a blast- 
fire, it soon exists as pure Venus [copper], and nevermore returns 
to iron. Similarly in the mountain commonly called Kutenberg they 
obtain a lixivium out of marcasites, in which iron is forthwith 
turned into Venus of a high grade, and more malleable than the 
other produced by nature.*' 

This statement affords clear proof of the fact that this method 
of gaining copper was not merely an experiment, but was actually 
^ process commercially resorted to for the purpose of procuring the 
'^ictal. It is also one of the clearest and most definite statements of 
'^i^e reason why the alchemists believed in the transmutation of 
*^«tals. If by merely immersing metallic iron in clear spring-water 
^he iron disappears and copper is found in its place, what better 
^'^dence could there be? The paragraph cited above is found in 
the English translation by Arthur Edward White, Volume 1, page 
^» published in London in 1894. 

Horace Winchell. 

Minneapolis, February 8. 
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TREATING ZINCCOPPEB ORES 

(Discussion, April 12, 1913.) 
The Editor: 

Sir — It will, no doubt, be of interest to most of your readers to 
learn that a process has been developed for the successful treatment 
of ore containing too much zinc for the ordinary smelting practice, 
and not enough to be smelted for zinc in the old-style retort fur- 
naces. Oiten such ore, usually sulphide, contains silver and gold 
with either copper or lead, or a small percentage of both these base 
metals. The presence of zinc makes it difficult and often too ex- 
pensive to treat such ore for recovery of the other metaLs, whereas, 
the combined value of all the metals named, including the zinc, 
makes such ore very valuable. To illustrate this statement : Take 
HU on* containing 50c. gold, 6 oz. in silver, 55 lb. in copper, and 400 
lb, in rinc per ton ; at the present gross values, the gold, silver, and 
copper ttlone would be $12.05 per ton, but the zinc makes the ore 
trt^atment exi^ensive by any ordinary method, and the zinc itself 
is worth $20.40 per ton if 85% is recovered into a marketable pro- 
duct at prt»seut prices, making the total value $32.45 per ton. 

The ore 1 refer to and similar ore elsewhere cannot be concen- 
trated by comparatively simple wet concentration methods adopted 

iu tho Middle states, ou account of its large content of sulphides 
and the fai-t that it contains so little mineral that can be washed 
out. Ma^rnotic separatioa appealed to me for the concentration of 
such on\ but proved a faihire at the Afterthought, chiefly on ac- 
count ol* the peculiar close-grained fine crystalline structure of the 
ore. The use of acids to dissolve the metals in the ore never did ap- 
peal to nie. for the following reasons: The waste of acid caused by 
tlie fornuition of salts, due more especially to the lime, aluminum, 
and iron ciuiteuts of the ore; the mechanical difficulties of handling 
such a pasty mass; and the difficulty of precipitating a pure zinc 
from the other metals which are in sohitiiui with it, the zinc being 
the most ditVicult and hist metal to be precipitated. To make sure 
on these points 1 spent considerable time with others experimenting, 
\vith*the above results, and other objections equally as serious. 

Viw flotation process, which has proved such a commercial suc- 
cess at Hrokeu Hill, Australia, will make a 45 to 50% zinc concen- 
trate from the ore on which experiments have been made by men 
lutorcstcd in the flotation process, recovering 85% of the zinc in this 
tWm. after a preliminary treatment. The concentrate would then 
ha\o to be shipi>ed to the regidar zinc smelters near cheap fuel to 
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be recovered and smelted in retorts where about 85% of the xinc 
in the concentrate can be saved. After all this expense has been 
incurred for the recovery of about 72% of the original zinc, the ques* 
tion arises, what* has become of the copper, silver, and gold? My 
informant, who made the flotation test, stated that about 60% of 
these remained in the tailing and about 40% followed the zinc con- 
centrate. This splitting up of the copper, gold, and silver makes 
them practically worthless. If they all remained in the tailing it 
would pay to smelt them, or if they would all follow the zinc con- 
centrate, then there would be some profit in sending the cinder 
mixed with ash from the coal used in the retorts to a lead or copper 
smelting plant. If cheap coal could be obtained close to large 
bodies of such ore as I have described, the practice adopted at 
Joplin, Missouri, and at one time in Canyon City, Colorado, might 
suggest itself, but even then the loss in silver would be excessive, 
and the zinc oxide produced is not generally of good quality. The 
cinder from such oxidizing furnaces containing the remaining silver, 
copper, and gold with some zinc would have to be smelted in a 
suitable furnace by ordinary methods. 

Having investigated nearly every known zinc recovery process, 
I will briefl}'^ describe a process that, while not suitable for the treat- 
ment of all ores containing zinc, especially those containing the zinc 
in the form of a silicate or too much arsenic, is suitable for the 
treatment of ore containing zinc with or without copper, lead, silver, 
or gold, all these metals being saved if present, by partly de-sul- 
phurizing the ore, removing the zinc by leaching with ammonia and 
carbon dioxide, and smelting the sweetened residue, which is only 
50 to 60% of the weight of the original ore, in an ordinary smelting 
furnace. The reduction in weight would depend mostly on the zinc 
content. It has been found to be 45 to 50% on a 20% ore, recovery 
of the zinc being 90 to 95% from a 35% zinc ore ; 85 to 90% from a 
25% zinc ore ; 80 to 85% from a 20% zinc ore ; and from a 10.4% 
zinc ore containing 2.1% copper, 6.5% lead, the extraction was 73 
to 80% of the zinc. (I believe the average zinc extraction from 
the original ore in the United States is only about 51%.) The 
ammonia and carbon dioxide are distilled off in order to precipitate 
the zinc as a basic zinc carbonate. This precipitate is calcined to a 
zinc oxide, which it is found convenient to make chemically pure. 
The ammonia and carbon dioxide are used over again continuously, 
with practically no loss, except a slight mechanical loss in the 
residue to be smelted, which is found to average 0.6 to 1.4 lb. 
ammonia per ton of iron. The cost of treatment is not excessive. 
The elimination of the zinc and reduction in weight reduces the cost 
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of smelting to a Tninimiim for the recovery of the other metalB in. a 
reverberatory matting furnace (and it may be posaibley in some 
caseSy to treat the residae by cyanidation). Tlie expense of crash- 
ing, grinding, and roasting the ore will be about -the same as pre- 
paring the ore for any leaching method treatment, or cyanidation. 
The preliminary treatment to eliminate the sine leaves nothing 
objectionable in the residue for smelting. 

The details of this process I have promised to write up and read 
before one of the leading mining engineers' societies with the eon- 
sent of D. Mosher, who suggested this process to me in the first place, 
as described by Schnabel in his 'Metallurgy of Copper, Lead, Silver, 
and Oold, ' Vol. 1, and F. L. Wilson, who experimented for me with 
this and other zinc recovery processes at the University of California 
for several months before graduating in 1912, and has since worked 
faithfully developing the process on a larger scale. Many new ideas 
and improvements suggested themselves, dillerentiating it from the 
process as described by Schnabel after it had been in nse for several 
years at the Hoboken works near Antwerp, where they must have 
had fused products and arsenic to contend with. 

S. E. Brbtherton. 
San Fancisco, March 31. 



ANALYTIC WORK AT COPPER QUEEN SMELTER 

(July 30, 1910.) 

The analytic work of the Copper Queen smelter, at Douglas, 
Arizona, is done under the direction of Percy Butler. The facilities 
are superior, both as to the laboratory building and its equipment. 
A large separate structure is provided, which is divided into numer- 
ous rooms, protected against dust and draught, well ventilated, and 
superbly lighted. The routine samples for furnace control are here 
determined, and also the large number of samples of custom ores 
are assayed and analyzed. 

In making assays a preliminary 1-10 assay ton charge on all un- 
known ores is run in order to work out the appropriate flux. The 
amount of nitre (KNO3) required is determined by multiplying 
the weight of the button obtained by 5, substracting 22, and 
dividing the remainder by 41/2. This gives the grams of nitre 
needed for the excess of sulphur, so that the resulting button 
shall weigh 22 gm. When the sulphur is high silica is added, and 
if the silver content is suspected to be high, borax is introduced 
to insure an acid sla<?. If much copper sulphide be present an ex- 
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cess of PbO is provided. Every ore is assayed in duplicate, two 
assays each being made of the original and of the duplicate sample. 
Unless three of these agree within the limits of experimental error 
new samples are taken and re-assayed. The charge in the crucible 
is always covered with a non-reducer, which consists of bicarbonate 
of soda 8 parts, potassium carbonate 8, and raw borax 4. Part of 
the above is also mixed with the charge. The reducer used consists 
of the same flux containing an addition of 4 parts of flour. A typical 
charge for oxidized ores is as follows : 

Ore 14 A. T. 

PbO 76 gm. 

Reducer 8 Vj *' 

Non-reducer 17^^ " 

This is mixed and covered with 8 gm. of non-reducer. The oxide 

ores may be represented by the converter lining used, which shows 

on analysis : 

Per cent. 

Silica 80 to 85 

Iron (PeO) 3 

Alumina 3 

Lime (CaO) 1 

Copper :±2 

The sulphide ores have the following approximate composition : 

Per cent. 

Silica 26 

Fe (metallic) 28 

Lime (CaO) 2 

Sulphur 22 to 23 

Alumina 6 

A normal assay charge for these ores is : 

Grams. 

PbO 100 

Non-reducer 17 Mi 

Silica 4 

Nitre 13 

Cover of non-reducer 8 

By using an excess of PbO (from 100 to 120 gm.), with nitre in 
correct amount to give the required button, enough copper can be 
driven into the slag, even if as much as 10% Cu be present, to give 
a button which on cupellation will yield a nice feathered litharge, 
reducing the absorption arid keeping the volatilization very low. A 
comparatively soft cupel is used. Cupellation is begun at a low 
temperature, feathering from the start, and this continues until it 
is close to the button. The finish is made at a high temperature. 
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Dry-wood blocks are placed in the maffle-mouth to open the button 
after melting. The heat is carefully regulated throughout, oil being 
used as fuel. 

The determination of gold and silver in the copper bullion is done 
as follows : one assay ton in duplicate is weighed into a I6-02. beaker, 
and 20 c.c. of a solution of mercuric nitrate is added. This is made 
by weighing 20 gm. of mercury and dissolving in 8 c.c. of HNO3; 
it is boiled until neutral, so that a small amount of basic nitrate of 
mercury will precipitate on the addition of water. This is made up 
to 2200 c.c. with water. Take 25 c.c. of this with a pipette, and 
cover the bullion with it. This amalgamates the bullion. Add 
80 c.c. of strong H2SO4 and boil to fuming. The copper goes iuto 
the solution and the gold and silver remain undissolved. Take up 
the copper sulphates with water, and when partly in solution add 
hot water. To collect the gold and silver add a small portion of 
lead acetate solution, and before filtering add 1 drop of HCl + Aq. 
half and half, as a precaution. Filter through double paper, and 
scorify the paper with test-lead and borax, aiming at an 18-gm. 
button, which is then cupelled. The results are from 0.04 to 0.08 
oz. per ton higher by this sulphuric acid method than are obtained 
with the old nitric acid method. The copper bullion samples are 
taken by saw-cuts from a sample pig poured from each converter 
charge. The saw-cuts are made by a horizontal band-saw, in oppo- 
site directions, extending a trifle over half-way through the bar ^ 
the cuts being a fraction of an inch apart. 

From the blast-furnaces come two samples daily, namely, a slag' 
and a matte sample. These are composites, that is, they represent 
the day's run on all furnaces. There is also a 24-hour sample of 
slag and matte, which is of large size, and is sent to the sampling 
works for reduction. The analysis of the slag and matte samp^^s 
is finished and reported within IV2 hours, the substances dcterminea 
being silica, iron (FeO), alumina, and lime (CaO). The caiistic 
soda method is used for the alumina. 

The slag analysis is made as follows: V2 g^i., finely ground i" 
an agate mortar, is weighed into a small casserole. It is just wettou 
with water, a pinch of KCIO3 added, and 1 to IMj c.c. IICl dropV^^ 
on while agitating the casserole and stirring with a glass rod. ^^ 
will gelatinize in one minute. It is then evaporated to dryness. Thw 
is dissolved with HCl and water, and filtered through an ashless 
filter paper with quick suction. It is dried, ignited, and the SiO,. 
weighed. The filtrate is treated with a slight excess of ammonia 
and 3 gm. ammonium chloride; the solution is boiled and filtered. 
The CaO is determined in this in the usual way. The precipitate of 
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ferric and aluminum hydrate is washed by a small jet of water into 
the original beaker, and ly^ inch of stick caustic soda (Baker's 
C. P. by alcohol) is boiled in it for 3 minutes. The alumina goes into 
solution as sodium aluminate. It is filtered through a double filter 
to retain all the iron. The filtrate is acidified with IlCl, and a slight 
excess of ammonia (determined by phenol-phthalein) with 3 gm. 
of ammonium chloride, are added ; the solution is boiled five or six 
minutes, and then filtered through a double filter using one ashless 
paper (No. 589 S. & S.) and one ash paper No. 597. The precipitate 
on the filter is washed three or four times, then dried and ignited, 
and the AljOg weighed. The iron is dissolved through the paper 
with HCl and titrated with bichromate of potassium, after reducing 
with stannous chloride and taking up the excess of stannous chloride 
w'ith mercuric chloride. The time required is 1 hour and 5 minutes. 



IODIDE METHOD OF COPPER DETERMINATIOirS 

By L. D. McClube 
(July 8, 1911.) 

As my expei*ience in using this method has been so satisfactory 
and the results obtained, during a period of several years, have 
been so uniformly exact, it is my desire to give, in detail, to those 
who may be interested, a simple and rapid working scheme which 
I have employed in my work where a large number of copper de- 
terminations are made daily from churn-drill and mine samples, at 
the Live Oak mine, Globe, Arizona. The scheme, with a little prac- 
tice, will be found more rapid than the permanganate or elec- 
trolytic methods, and the results are exact within very narrow limits 
of experimental error. 

I will endeavor to explain in a lucid and concise manner just how 
I carry out my daily work in the laboratory, so that no difficulty will 
be found in following and working out each successive step of the 
process, as it is employed in actual practice in handling a large 
number of samples each day. The Live Oak ore has a copper con- 
tent ranging from 2 to 5%, in the form of disseminated chalcocite in 
e&licious schist. In handling more complex ores and furnace pro- 
ducts, modification of the process wauld be advisable. 

Method of Standardizing, — Prepare a solution of sodium thio- 
solphate, containing 40 gm. of pure crystals to 2 litres of distilled 
water, and proceed as follows: accurately weigh three portions of 
0.10 gm. each of pure copper foil into beakers of 300 e.e. eapaeity ; 
add about 1 c.c. of strong nitrie acid to eaeh beaker; ^daee npoa f 
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hot plate, and evaporate off the excess of nitric acid until almost 
neutral copper nitrate is obtained, which will be indicated when by 
tilting the beaker the solution will flow rather sluggishly over the 
hot torn. The evaporation must not be carried beyond this point, as 
th(»re is danger of producing some insoluble basic copper nitrate. 
Jteniove the beakers from the hot plate, dilute with about 25 c.c. 
of distilled water; stir in enough of a saturated solution of sodium 
eurbonate to cause a slight precipitate ; add 2 c.c. glacial acetic acid 
luid th(»n 3 or 4 grams of potassium iodide in crystals. By gently 
shaking the beaker the potassium iodide will dissolve almost in- 
Hta^itly. Cuprous iodide will be precipitated and iodine, exactly pro- 
portional to the amount of copper present, will be liberated, and be 
hcl<l in solution in the excess of potassium iodide, imparting to the 
Holution a reddish brown color, according to the reaction: 
2Cu(C2H30o)2 + 4KI = Cu Jj + 4KC2H3O2 + 21 
Proceed at once to titrate. Run the sodium thiosulphate solution 
into the beaker, constantly stirring until the iodine solution changes 
to a faint yellow color, and then add suflScient starch solution to 
produce a deep-blue coloration. Continue the titration cautiously, 
drop by drop, with constant stirring. Stop when the solution as- 
sumes a violet color and continue stirring for a few seconds. If the 
violet color does not rapidly change to a creamy white tint at this 
point, another drop from the burette will be required. 

It will be found from the burette readings that about 20 c.e. of 
the thiosulphate solution has been required for each of the three 
beakers, or 1 c.c. equals 0.005 copper, approximately. If, however, 
there should appear a slight variation in the three readings, I use 
the average of the three readings to calculate my standard. 

Treatment of Orr^.—Weigh out 3 grams of low-grade ore, or pro- 
portionately less for ores of higher grade, into a 300-c.c. beaker. 
Add from dispensing burettes 10 c.c. strong nitric acid and 5 e.c. 
sulphuric acid. Put the beaker on the hot plate and boil nearly to 
dryness. Remove the beaker; eool somewhat; add 2\<2 cc- sulphuric 
aeid, which proiluees a very satisfactory degree of acidity for the 
copper precipitation; dilute with 25 e.c. distilled water; stir with a 
rubber-tipped glass rod to loosen any cake that may have formed 
on the bottom of the beaker. Place the beaker again on a warm 
part of the hot plate, and digest for about 10 minutes to bring the 
aulphatM into i)erfeot solution; then filter through a 15 cul filter 
paper into a 150*c.c. beaker. Wash the insoluble residue on the 
filter twiee with boiled water. Then pour filtrate back into the 
original beaker and rinse the filtrate beaker with a little water. 

'Hie filtrate should now measure about 75 e.e. and ahonld fill the 



RECENT COPPER SMELT1N(J 341 

beaker to about one-fourth its capacity. Next place in the bottom 
of the beaker a piece of aluminum 3 in. long, 1 to IV2 in. wide, and 
bent at right angles at or near the middle, so that one-half lies in 
the bottom of the beaker and the top of the other half extends a 
iittle above the surface of the solution. Cover the beaker and boil 
for about 10 minutes, when the copper will be precipitated ; the solu- 
tion will be perfectly colorless ; and the aluminum will appear clear 
aiaci bright. During the Iftst few minutes of boiling, the sulphuric 
aoid attacks the aluminum vigorously, and the minute bubbles of 
h3p^cirogen gas which are given off have a tendency to free the 
al^'i^iininum of all small adhering particles of copper. 

i^ow take the beaker from the hot plate, and remove the aluminum 
fr'om the solution with the forefinger and thumb of the left hand, at 
tfci.^ same time playing a small jet of cold water upon it to cool and 
w-^sh off any adhering particles of copper. Carefully decant the 
8c>lution, leaving the copper on the bottom of the beaker, and wash 
t^^^^ice by deeantation with cold water. Dissolve the copper in about 
V*^ c.c. of strong nitric acid, and place the beaker again upon the 
^ ^^> t plate to evaporate the excess of nitric acid, and then proceed 

• 

11=^ the same manner as described for standardizing. The starch solu 
^ i ^3n is made by rubbing 1 gm. of cornstarch into a smooth paste 
^'^^ith a little distilled water, diluting with distilled water to 200 c.c, 
^-^^^^d boiling the solution for a minute. Cool before using. The paste 
'■^^^ly be kept for some time if a small quantity of lysol or other 
^ ^^^^tiseptic be added to prevent the growth of mold. 



THE DETERMINATION OF COPPER IN COPPER. 

BISMUTH ORES 

By C. C. O'LouGHLiN 
(August 20, 1910.) 

The following method for assaying ores for copper that carry 
from 0.5 to 3% bismuth, is used at the Bogardus Testing Labora- 
'tories, at Seattle. It may be of interest to others, since no data on 
tnethods suited to these conditions are generally available. 

At first the bismuth was precipitated with ammonium carbonate, 
making two separations, but this was not found satisfactory, as the 
separation was not complete. The filtrates were run electrolytically, 
but deposits were found to turn into a dark sponge, and drop off, 
even with different current density, because of bismuth still being 
retained in small amounts. The iodide method with the above sep- 
aration, was found to give low and erratic results. It was then 
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aiuuKfti -jTwiMirir tu pnhripitate the bismuth as the sub-nitrate, plating 
at ••i/v*'^ ur*^c ut rh«r dltrate; but the separation was not fouud 
<H^tAA^L- rVf 5>il*>wui^ methiHl was finally adopted and found to 
jLni^ -«c:sractory. 

<.~; Ml I ivnkm of pidp with 8 c.o. UNO,, digest at low heat 
:iu2tf> .trase. ;idti 2 e.e. Il^SOf and evaporate to SO, fumes. 
J^aWa rtnft. vv^ik down eover and sides of beaker, first add ammonia, 
4AM 'tt^ft .si:!djif> with UCt adding a very slight excess. Keep the 
• uftiMMK Jtf> -'^^ '^ poesible. Have a 500-e.c. beaker ready, containing 
tti«#«M. i^ - ^- t^^ water, and a little ammonium chloride. Pour 
^^ u^i> -his- slowly with constant stirring and allow to settle one- 
fc^r Ki«Ar B'^lter v>ff the insoluble and the bismuth, which has been 
«£^««|i^&GK^ ^ ^*^ oxy chloride, wash well, add 2 c.c. H^SO^ to the 
ittd -jff^'tpttaite the copper with sodium thiosulphate. Filter, 
>urti iir^Hpitate, brush into a copper beaker, and dissolve 
* .'.c. cLNO,, heat until dissolved, dilute with water, add 3 c.c. 
.^>;^>^^ ,iia ^ce MXt^ 0.10 amperes. 

t -^c^err^. the copper can be titrated with sodium thiosulphate ^^ 

»% mmju^ "he sMiution nearly to drj-ness. After dissolving the cop 

w xr¥<*r^-^**-^** IINO, neutralize with sodium carbonate, aeidif\^.«^ 
%jL&tt i«i«u< ^"^^ ^^^ titrate. Bismuth can be determined in tbc^^ 
^^^^1^ wiM rirs* tUtration by dissolving away from the silica am 
«*«»»; i^u .«tv>.\>i4ifc>ritie, burning and weighing as oxide. 



ACCURATE SLOPCOPFERS 

By A. J. Salk 
. Jsiiiuary 27, 1912.) 
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t-\»tttul lar*ri» iM)pp<*r mines and mills, noeess- >- 

t a systoni of assaying for mine or dri '^ 

-.v .% M^v^ivi than the iodide or electrolytic method ^=^' 

iv uvioo'^''^ to fall back on the so-called *slo^^^' 

x x*xi.v^ ohcmist is apt to conceive the idea th u^* ^ 

^^ >*\^»».*> coppers, and to work accordingly. Th^^^ 

, *v^-%* >i\v<iutions are observed, will give accurat::^^ 

^ . ^ ^*«j%' rvlVaotory ores. 

,vv-^'**'^'** uf ACKTurate work is that, with ore assa: 

N,. 'K *awtuit of copper contained in the ore 
. .**. -**» ^i« * ^ ^^- assay the solution will t:>^ 
4v •i»* ^^ uvration that it will be difficult 
„ ^.* •»M-r*v.^^ Hy starting with 2 gm. I consid^i* 
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that the lai'K« bulk of materinl haudlcd iu tht assay is more tliau 
L-ompensated for by the advantages obtained. The next important 
consideration is that some portion nf the eopper is Tisiially elosely 

I associated with the iron pyrite, which ia far nmre soluble, in aipia 
regia than in nitric acid. The coiirae of operations that I have 
found to give best results is to put "2 gni. of pulp (through a 100- 
ineBh screen) into a casserole and boil nearly to dryness with 15 c.e. 
of aqua regia. Then add 10 c.c. of nitric acid and boil until it 
liecomes fairly syrupy. Then add about y-z gm. of chlorate of potash 
and boil for five or six minutes. This will sometimes throw down 
a dark brown precipitate which is protiably mostly mauganesc 
Oioxidc. I have found from a large number of results that the 
proper manipulation of chlorate will always prevent the yellow pre- 
cipitate which sometimes forma when titrating, and causes diPReulty 
iu reading the end-point. 

The assay is washed from the caaserole into a small beaker with 
''oiling water and allowed to cool until it will not 'spit' too violently 
when ammonia is adtled. The ammonia is put in, a little at a time 
Mi'ith constant stirring, nutil the iron is completely precipitated. It 
la -very poor practice to add ammonia directly in the casserole, as it 
J8 then difficult to see the precipitate, also to wash it out. 

The asaay is now filtered into a titrating Hask and the precipitated 
'^<»ii washed with boiling water. The iron always contains some 
or the eoppci* presfnt and should be washed into a beaker and nitric 
"•^><J added drop by drop until the precipitate is almost dissolved. 
^' is usually better not to completely dissolve it, as this may again 
f"t the monganesc into solution. Ammonia is now added until all 
"■ the iron is re-precipitated, and then the material is filtered 
thr, 



bl 



''>iigh the same paper into the titration flask. The precipitate is 

^**hed with boiling water, and if the filter paper shows any signs of 

**^ color the re-solution and re- precipitation is again repealed. 

*''c»r standardising, the best results are obtained when the amount 

' *^opper in the standard is approximately the same as in the assay ; 

'**' instance, if the ore runs -1% the assay from 2 gm. will con- 

Z*'*! fiO me. of copper, which should be approximated when weigh- 

'"**■ the standard. Also it is more accurate to add approsimntfly 

. ** same amount of foreign elements to the standard as will occur 

t>ie ore and carry it through the same as if it were an assay. It 

**»<ire rapid to find the exact weight of a piece of copper than to 

^" to cut it to some exact weight, such as 40 or 30 mg.. only, as 

***^<irc stated, it should be approximately of the same weight as 

_^^ ropper in the assay. If we start with 2 gm. of pulp, then each 

— ^ nig, of co}i]icr is cquivalcut to 1%. It is much less confusing to 
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divide the weight of the standard by 20 and record as an equivalent 
percentage than to keep its exact weight. For instance, if the 
weight is 44.6 mg., record as 2.32%. Two standards should be 
weighed and one titrated at the beginning of a set of assays and 
the other at the finish. In titrating, the solution should be at the 
temperature of the room and the same amount of time and agitation 
given to each. It is also better to stop at a light pink end-point than 
to take out all the color; the important thing is to have the same 
end-point for all assays and standards. To avoid errors in calcula- 
tion, the results should be recorded in the form shown below : 

Burette Net Percentage 

No. ' reading. reading. copper. 

2.76% stendard 10.15 10.15 0.272 perc.c 

1 21.0 10.85 2.96 

2 30.6 9.6 2.62 

3 41.35 10.75 2.94 

4 50.7 9.35 2.55 

2.15% standard 58.55 7.85 0.274 perc.c. 

The mean strength will be 0.273% copper per c.c. In rapid work 
there is possibility of an error of subtraction or multiplication; a 
quick check on the arithmetic is obtained by adding the final assays. 
The sum of these should equal their total net burette reading, times 
the mean strength of solution. In the above table the sum of the 
assays from No. 1 to No. 4 is 11.07%, and the total net burette read- 
ing is 50.7-10.15 = 40.55 c.c. Now, 40.55X0.273 = 11.07, which 
checks the calculations. 

The water used in the analysis is an item of considerable impor- 
tance. Most of the so-called * distilled' water around a mine or mill 
is condensed steam, and frequently contains oil or boiler compounds 
which may seriously affect the results. The most satisfactory water 
that I have found, where pure distilled water is not obtainable, is 
secured by adding a little ammonia to ordinary spring or hydrant 
water and boiling until all of the excess of ammonia is gone. This, 
when decanted from the precipitated lime and other salts, will 
nearly always gives a good end-point. The final precaution for good 
results is the use of pure potassium cyanide. I have found from 
a number of experiments with partly decomposed cyanide that its 
strength is liable to vary with the part of the burette from which 
it is drawn, being stronger at the bottom of the burette than at 
the top, or the reverse. These precautions may seem to be trivial, 
but on refractory low-grade ores they are virtually, essential, and 
if carefully followed, I think, will give practically as good results 
as the average iodide or electrolytic assay. 
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THE GREAT FALLS ELECTROLYTIC PLANT 

By Willis T. Bubns 

*This is not a discussion of modern practice of electrolytic 
copper refining, but a record of a refinery that was among the 
pioneers in the field and that is today, and has been for 17 years, 
operating under conditions not to be found in any similar plant in 
the country. I refer to the current density, which is at least two- 
thirds higher than that regularly employed elsewhere, and to the 
fact that the anodes treated are the direct product of the converter 
rather than of the reverberatory furnace. I have no knowledge of 
any other refinery treating anodes of this character. The refiner^ 
was built at the smelting works of the Boston & Montana Consoli- 
dated Ck)pper & Silver Mining Co. at the Black Eagle falls of the 
Missouri river, three miles from the city of Great Falls, Mont. 
Power for the operation of the reduction works and the electrolytic 
plant was obtained from water power developed at this point. 

As originally designed and constructed the refinery consisted 
of the tank house, a brick buildiog 171 ft. 6 in. by 108 ft., which 
contained 288 electrolytic-refining tanks of the following inside 
dimensions: 9 ft. 7 in. long, 2 ft. 4 in. wide, and 3 ft. 9 in. deep, 
built of Western pine. The sides and bottoms were of 3-in. lumber 
and the ends of 2-in. material. The tanks were tied at the ends with 
3 by %-in. iron straps held together by 1-in. rods in the usual way. 
The tanks were lined with Ys-in, chemical sheet lead weighing 
8 lb. per square foot. The tanks, which were supported in place 
by two 8 by 8 in. timbers which rested on stone piers 18 in. high, 
"were insulated from the timbers by 4 by 4 by 1 in. glass insulators, 
«ight under each tank. Had 5 to 6 ft. of head 'room, instead of 18 
in., been provided under the tanks, subsequent operations would 
have been greatly facilitated. The tanks were arranged in 18 
double rows, eight tanks deep with an aisle between each double 
row. The tanks as originally built were all on the same level, mak- 
ing it necessary to establish an individual system of circulation of 
the electrolyte for each tank. This was accomplished by providing 
two circulating tanks for each section of 96 tanks ; these tanks were 
10 ft. square by 8 ft. deep, lined with 12-lb. chemical sheet lead. 
One of these tanks was placed above the level of the refining tanks 
and one below, as shown in sketch. From the overhead tank the 
electrolyte was delivered, through an overhead system of lead pipes. 



^Bxcerpts from a paper presented at the Montana meeting of the A. I. M. E. 
August, 1913, reprinted by permission. 
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to each separate refining tank. The solution was discharged inio 
the refining tank at one end, near the bottom of the tank, and was 
allowed to overflow through a 1-in. lead pipe entering the tank 
3 in. from the top near the other end. This pipe discharged into 
an open launder leading to the lower circulating tank^ from where 
it was raised to the overhead tanks by various devices to be describ- 
ed later. This system, which permitted only a periodical circulation 
of the solution, soon gave way to a more eflScient system to be de- 
scribed further on. Heating the electrolyte was eflPected by passing 
live steam through 125 ft. of 1-in. 8-lb. lead pipe in each of the 
overhead circulating tanks. 

A % by 4 in. steel trolley track was suspended from the roof 
timbers over each row of eight tanks. The anodes and cathodes 
were removed in and out of the tanks by means of chain blocks 
suspended from two-wheel trolleys on this track. 

The current was distributed by means of % by 4 in. rolled-copper 
busbars attached to the sides of the tanks with wooden brackets. 
The tanks were all connected in series and the electrodes in 
multiple. 

The original installation included a sulphate plant for the manu- 
facture of bluestone and a boiler house containing one 100-hp. 
locomotive-type boiler to furnish steam for heating and boiling 
solutions. 

The sulphate plant was well appointed for the manufacture of 
bluestone as described later. The capacity of this plant was 2,500,- 
000 lb. of bluestone per year. 

Fig. 60 is a sketch of the plant as it exists today. One division 
of 32 refining tanks has been added icr the main tank room, 44 new 
electrolytic-refining tanks for the production of starting sheets have 
been housed in additions as have the 10 new insoluble-anode tanks 
shown in sketch. An addition has been built south of the tank room 
in which is installed the equipment for pumping and heating the 
electrolyte. An addition has been built on the east containing the 
scale house and a 7-ton traveling crane for handling the cathodes 
and scrap after weighing. The addition on the north side of the 
building contains store room, shoi>s, and office. Fig. 61 is a flow 
sheet of the electrolytic plant. In the new building south of the 
bluestone building are the carpenter and lead-burning shops and 
the machinery used in trimming sheets. The four large round tanks 
situated farther south are for the storage of solutions. The original 
boiler house has been replaced by a brick building containing two 
150-hp. Heine and one 100-hp. Scotch marine boiler from which 
steam f4)r heatinc and boilinsr solutions is obtained. 
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As previously stated the refining tanks, as originally installed, 
wiiVfi all on the same level and to obtain a circulation of the 
electrolyte it was necessary to deliver the electrolyte to each tank 
through a separate pipe line. This system was found unsatisfactory 
and the refining tanks were rearranged in a cascade of eight tanks 
with a drop of 2% in. between tanks as shown in Pig. 60. The 
electrolyte is now delivered to the upper tank of the cascade at the 
surface and is drawn oflf from a point 8 in. from the bottom at the 
lower end of the tank by means of the dam shown and is delivered 
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Fig. 61. Flow-sheet ok Great Falls Electrolytic Plant. 



to tin? next tank through a east lead and antimony chute. From 
the last or lower tank of the cascade the electrolyte is returned 
to the pump room through a 2-in. 7-lb. lead pipe attached to the 
sides of the tanks. 

The ori^rinal refining tanks were lined with Vfe-in., 8-lb. chemical 
sheet lead and the overflow consisted of a 1-in. lead pipe burned to 
the lining. Tanks eonstrueted in this manner were found to last 
about 10 years in serviee. As they gave out they were replaced 
by tanks of the same dimensions lined with ^,^-in., 7-lb. lead con- 
taining V) per (M»nt antimony. The cast weirs of the same material 
' built into the ends of the tanks. Tanks thus constructed 
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hive now been in service for 11 years and do not show much de- 
terioration. The antimonial lead is harder and has a leas tendency 
to creep and bucklie under extreme changes of temperatnre than is 
lie case with the chemical lead. Practically all of our tanks are 
now lined with antimonial lead. 

When the change from 4000 to 9000 amperes was made in 1896 

it. became necessary to increase the siite of the tank busbars. The 

■?^ by 4 in. rolled-copper conductors were removed from the sides 

f>f the tanks and a taper bar 4% by 2 inches in the centre and 114 by 

•^ in. at th« ends was laid on the top of the tanks. The bars were 
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east at the works from wire-bar copper. These bars arc insulated 
from the tanks by means of i^ by 4 in. pine strips previously boiled 
in pine tar. These strips arc renewed once in six months. Into the 
ends of the busbars % by 6 in. iron studs are screwed to receive 
the copper shunt used to cut four tanks out of circuit for removal 
of fllime. The anode and cathode rods and the connection plates, 
used between the tanks, are also cast at our furnace refinery in 
copper molds. 

Ab previously mentioned this refinery is the only plant of its 
kind treating converter-copper anodes. The general practice else- 
where is to transfer the molten copper from the converter to the 
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reverberatory furnace. Here the necessary oxidizing and poling 
j( the copper to bring it to the proper pitch for casting takes place, 
rhe copper is then cast into anodes by means of a suitable casting 
machine. This refining process has the effect of increasing the 
jopper contents of the metal 0.3 to 0.4%, sulphur dioxide being the 
principal impurity eliminated. The resulting anode is much denser 
than the converter anode and the casting is free from the uneven 
surfaces which appear on the converter anode. The analyses of 
anodes are shown in Table I and Pig. 62. 

ABLE I. — Analyses of Anodes, Electrolyte, Wire Bar and Electrolytic 

Slime 



CMTtrttf Anote 



Klaetfolyto 
PcrOnt. 



Wlr«BM- 
PerCnL 



! Electroim SUM 
> PcrOeoL 



)pper . . 
rsenic . 
Qtimony 
Ickel .. 
>balt .. 
Ismuth 



on 

ilver . . 
old .... 
)]enlum 
Bllurlum 
sad .... 



inc 

ilphur 

Kygen 

llicon 

[ilorlne 

irbon 

latinum 

ree nulphurlc acid 
[)eclflc gravity — 



99.1300 
0.1183 
0.0534 
0.0420 
0.0018 
0.0038 
0.0110 
0.1371 
0.0008 
0.0090 
0.0170 
0.0065 
0.0035 
0.2610 



3.280 

0.500 

0.041 

0.377 

0.016 

0.021 

0.600 

None 

None 

None 

None 

Trace 

0.418 



99.9500 
0.0016 
0.0015 
0.0006 
Trace 
0.0004 
0.0006 
0.0080 
Trace 



0.0040 



13.0300 
1.220 



Trace 
0.0001 
0.0025 
0.0350 



43.3400 
r.0300 
3.4600 
0.0800 
0.0060 
0.1100 
0.8640 

17.1870 
0.1200 
1.2000 
2.1000 
0.7600 
0.0900 

13.2100 



0.1770 
0.0260 
0.5900 
0.000166 



Table TI shows one of a number of comparisons, made at this 
plant, between converter and refined anodes. In conducting this 
tost three divisions, of 32 refining tanks each, were employed. One- 
half of the tanks in each division were treating refined anodes while 
the other hiilf contained converter anodes. By this arrangement the 
effeet of th(» personal equation of the men in charge of the tanks 
W«M redueiMl to a nnnimnm. It will be noted that while the ampere 
effleieney of deposit was 3.6% higher in the refined-anode tanks than 
in the tanks containing converter anodes the production per kilo- 
WUtt liour was slightly higher in the converter-anode tanks. Subse- 
i\yw\\\ oxperinients have sh«nvn that the refined anodes admit of 
(iloitt^r Hpaeing than do converter anodes, without the same reduction 
III ampere eflleieney, the effect of which is to decrease the resistance 
mill increase the pn>duetion per kilowatt. The difference, however, 
found to be jjreat. 
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The advantages in favor of the refined anodes, as they appear in 
Table II, are : First, higher grade of slime resulting in a saving in 
cost of slime refining ; second, lower silver content of cathodes, all 
of the silver in the cathode representing a dead loss; third, the 
lower percentage of anode scrap. When reduced to dollars per ton 
of copper refined the sum of the savings that would result from the 
use of refined anodes, in a plant of this type, was found to be less 
than one-half the cost per ton of the reverberatory-furnace treat- 
ment of the copper. The cathodes produced from the two types of 
anodes differ but little in physical appearance. 

In a crane-operated electrolytic refinery, where the anodes and 

Table II. — Comparison of Converter and Refined Anodes Cast in the 

Same Molds 



CoBWter AnodM. 


BctMd AnodM. 


50 


50 


48 


48 


98.91 


99.27 


0.072 


0.071 


59.09 


61.14 


0.200 


0.219 


1.20 


1.20 


43.5 


43.5 


160 


160 


11.97 


11.97 


0.49 


0.49 


10.09 


10.09 


0.045 


0.045 


58 


58 


54 


54 


6 


6 


20 


20 


20 


20 


525 


632 


3 


3 


2.87 


2.87 


252 


252 


8,387 


8,387 


27.21 


28.53 


0.567 


0.594 


228.2 


239.3 


1,103,749 


1,148,749 


2% 


2^ 


88.3 


91.9 


33.3 


33.3 


4.03 


4.00 


1.25 


0.95 


0.0043 


0.0043 


8.00 


5.30 


40.3 


18.80 


6,755.00 


14.079 


18.34 


38.45 



^Umber of days covered by test 

dumber of refining tanks employed 

-Average Analyses of Anodes: 

Cu. per cent 

As+Sb, per cent 

Silver, oz. per ton 

Gold, oz. per ton 

A^verage Analyses of Electrolyte: 

Specific gravity 

Copper, grams per liter 

Free acid, grams per liter 

As, grams per liter 

Sb, grams per liter 

Fe, grams per liter 

CI, grams per liter 

-Average Temperature of Electrolyte: 

Inlet of 8-tank cascade, C** 

Outlet of 8-tank cascade, C 

^late of circulation of electrolyte, gal. per min. . . 

Anodes per tank 

Cathodes per tank 

Average weight per new anode, lb 

Average thickness per new anode, in 

Distance, center of anode to center of cathode, in. 

Active cathode surface per tank, sq. ft 

Average amperes per tank 

Average volts for 48 tanks 

Average volts per tank 

Average kilowatts for 48 tanks 

Total copper deposited, lb 

Average age of cathodes drawn 

Average ampere efficiency of deposit, per cent. . . 

Average amperes per sq. ft. cathode surface 

Average lb. copper deposited per kilowatt-hour. . 

Average silver in cathodes, oz. per ton 

Average As+Sb in cathodes, per cent 

Average anode scrap, per cent 

Analyses of silver slime: 

Cu, per cent 

Ag, oz. per ton 

Au, oz. per ton 
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cathodes are handled in tank units and not individually as here, 
difiSculties would result if converter anodes were used because of 
the fact that converter anodes corrode less uniformly than refined 
anodes. Many of the converter anodes would become scrap before 
the date set for drawing the scrap from a tank and an equal number 
of pieces would not be scrap at the appointed time for drawing. 
The above comparison, together with other tests made at this plant, 
has demonstrated that refined anodes, while very desirable, would 
for this plant, be an expensive luxury. 

Figures 63, 64, and 65 show the earlier form of anode used in 
this plant and the Morrow clip type^ now used. The advantage 
of the clip type of anode is that the amount of inactive copper above 
the solution line is much less than is the case with the lug type. The 
average of anode scrap for the year 1912 was 5.9% ; the average 
weight of the converter anode is 500 lb. The scrap resulting from 
each anode weighs about 30 lb. ; this is resmelted in the converters. 
Thi* clip type of anode also has the advantage, as compared with the 
lug type, of being suspended in such a manner as always to hang 
vertical in the tank. The standard converter anode measures 24.5 
by 35.75 inches. 

The clip or hanger is made from a Vi-iii- round copper rod 60 ft. 
long rolled in a rod mill from a bar cast at the refining furnace. This 
rotl is rut and bent into the loop form, in an automatic machine, 
and placed iu the anode mold. Both the anodes and cathodes are 
supported in the tanks by cast copper rods as shown in sketch. The 
anodes are spaced 5.2 in. centre to centre. It will be noted that the 
anode is 3 in. thick at the top and 2.5 in. thick at the bottom. It is 
founil that the anode corrodes more rapidly at the upper end where 
the eurrent enters than at the lower end, that the wedge shape 
yields a lower percentage of scrap and that the anode retains its 
ori»;inal shape for a longer time than is the case with an anode of 
unil'orin thickness. 

The startiui; sheets are product^d in 44 standard refining tanks 
divideii into two circuits connected iu parallel in the main circuit 
and are thus operating at one-half the current density of the 
conniuM'cial retining tanks. Each tank contains 21 cathode blanks 
and 2- aiu>des. The blanks are made of V^-'iu. rolled copj)er 27.5 by 
3!>.5 in. below the solution line, as shown in Fig. 66. The anodes used 
in these tanks are of the same type as the standard anode but 
lar^^^r. being 26.5 by 38% inches. 

The 12 In-, sheets are stripped at an a vera ire weight of 4 lb. each. 

T S. patents No. r.21.121 and 631.471. 




Flo. 61. Stabtino Sheet Akoue, Mokbow Clip Tvpi 
Stabtinq Sheet Blank. 



Rolled Copper, 



9! — "Tl=^ 




*^"- 65. Stanuabd Anouk, Morbow Clip Type; and Present Form or Cathode, 

M<mi«)W Clip Type. 




;ii suklt: 



, «fttT trimuiiiiy. The men .■iiiiiloyuU in 

>lo ihfir «fopb directly nvi-r th^ hmks iisiag a 

ilwl fnini llii- Irolley Imck a« shown in Fig. 66. 

vki<-b th«- sli.Tls iin- [tili'il nftiT slripiiiti!;, is moved 





the mna aitvance. The blanks are covered with 

■•t tMFHcradti mineral oil to which 0.5 lb. of artificial 

■f fii ia added. Grooved woodf^u strips arc used 

(«Utvs lo prevent deposition of copper. The 

. I iiMJt'uUy and eiieh man strips and delivers to 

|*W -'A^'vtf. |>et &-hr. shift. The electrolyte used in 

ittvhtl,v from that of the niHin tank room. An 

^ «i>nftt in Table ill. 

\\.-^S»mHiH9'Skeel 7a>tit FAMrolyte 

■■ 1476 

xaoA 

- «u» 

*# 

M' 
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Table IV Hhows the effect of sulphuric Hcid in the electrolyte on 
the efficiency of deposition, the production per kilftwatt-hour in- 
creasing as the acid increases. The sheets produeed when the acid 
is about 120 gm. per litre are found to be smoother and tougher than 
when acid is higher. The starting sheets are trimmed on the four 
edgeg to prevent short circuits. Two clips or loops, cut from similar 
! then attached to each sheet by means of the Morrow clip 



IV. — Effect of Free Sulphuric Acid on Starling-Sheet Production 

'•rtar anodes, 39.5 by 27.6 by 0.25 In. blanhs, Z In. anode; 2.5 in. center of 
anode to center of blank. 
Circulating electrolyte at 4 gal. per minute. 




The starting sheets hpc now ready fi)r the tanks. It will he noted 
that the cathodes hane ^/x in. lower in the tank than the anode and 
are 1.5 in. wider than the auiuh-. When uxiiig anndi'S and cathodes 
of the same size a cathode very much <in Ihc edjjes resulted; in- 
creasing the size has resulted in a cathode with eoniparatively 
Hmooth edges and an iiierciis*' of 'i';;, in auipeiv rffieieney. When 

'\J. 8. Patent 600,498, Mar. 8. 189S, 
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the output of the generators is 2000 kw. or more the best results 
are obtained •while drawing 2 and 3-day cathodes. With a lower 
generator output older cathodes are drawn. The generator output 
is governed by th'e head on the water wheels, which is dependeot 
upon the stage of water in the river. To determine the most econo- 
mical age of cathodes and number of electrodes per tank at which 
to operate, the labor, the production per kilowatt-hour, the silver 
lost in cathodes, and the impurities in the anodes and cathodes must 
be considered. Assuming the quality of the product as regards im- 
purities to remain satisfactory under the different conditions the 
cost per ton remains as the only consideration. Table V is a sum- 
mary of various comparisons made between different ages of 
cathodes with varying numbers of electrodes per tank. 

Table V. — Effect of Varying the Age of Cathodes and the Number of 

Electrodes per Tank 




Elertrodes per Tank. 



4 

2 
S 
2 
3 



•Anod«i. 


Cathodoi. 


20 


20 


20 


20 


20 


20 


21 


21 


21 


21 1 


22 


22 


22 


22 



II 



Us 



U 



9,300 
8,808 
8.877 
9.035 
9,223 
9.071 
9,167 



36.9 
35.0 
35.2 
34.1 
34.8 
32.6 
33.0 



& 



88.0 

90.85 

89.00 

90.90 

89.40 

90.50 

88.80 



It 

'I 






hi 



3.93 
3.72 
3.75 
3.84 
3.87 
4.02 
4.07 



1.32 
0.83 
0.83 
0.89 
1.02 
0.89 
0.95 



0.0036 

o.ooie 

0.0031 
0.0033 

o.m 

O.0033 
0.0030 



♦(N)nvorter anodes. Average analysis of anodes: Cu, 99.13; As, 0.127; Sb, 0.055 
|)f»r oont.: Ag, 33.97 oz. per ton; Au, 0.22 oz. 

TIh' 'VIO commorcfial refining tanks are divided into three groups, 
two jjrroups containing 96 tanks each and the third group 128 tanks. 
Hiich >?roup is provided with a separate electrolyte and circulating 
H.VNtcni. Copper and acid determinations are made daily on samples 
of each electrolyte. As, Sb, Fe, and CI determinations are made 
weekly. The two groups of starting-sheet tanks each have a sepa- 
nite electrolyte which is sampled and assayed in the same manner 
UN IIm' connncrcial-tanks electrolyte. The analysis of the electrolyte 
In tJHv commercial-refining tanks is shown in Table I in terms of 
jHM'ccntngc i!i conformity with the analysis of the other materials 
nIionvii ill the tnl)l(\ The analysis of solutions is ordinarily reporte<l 
til Icrnis of irrains per litre. With a current density of 34 amperes 
ili«r N(|ii;irc foot ami a circulation of {\ u:al. of electrolyte per minute 
(|l(t hcHt n'Hults. while tr«'ating converter anodes, are obtained with I 
olytic' carry injr 40 gm. per litre of copper and 160 gm. per 
^^ sulphuric acid, 
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The circulation of the electrolyte is through a cascade of eight 
tanks as already described. In the pump room the electrolyte is de- 
livered to the receiving tank, a round lead-lined tank 11 ft. in 
diameter and 4.5 ft. deep (see Fig. 67). In this tank are 150 ft. of 
1-in. 8-lb. antimonial-lead pipe; live steatn is supplied to these coils 
at a pressure of 65 Ih. per square inch, by means of which the electro- 
lyte is heated. From the receiving tank the electrolyte is raised 
to the discharge tank from which it is again conducted to the head 
tank of the cascade. 

Various means of elevating the electrolyte have been employed 
in this plant. The first method used was the steam injector eon- 
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Table VII. — Effect of Speed of Circulation of Electrolyte on the Cot 

centration of the Solution 

Current density 36.0 amperes per square foot, 4-day cathodes, converter anode; 

Circulating Electrolyte at Rate of 6 gal. per minute. 



7/1 VMi 


Speclflc 




Grams 


per Liter. 






Kilontt- 
Lb.' 




Acid. 


Cji. 


As. 


Sb. 


Fe. 


a. 


1 

2 
3 
4 


1.213 174 
1.216 172 
1.216 171 
1.228 153 

1 


38.4 
39.2 
40.2 
49.9 


7.5 
7.2 
7.1 
7.2 


0.56 
0.59 
0.59 
0.59 


2.95 
2.95 
2.95 
2.90 


0.044 
0.045 
0.043 
0.044 




Average 


1.218 168 


41.9 


7.3 


0.58 


2.94 


0.044 


3.92 





Circulating Electrolyte at the Rate of 4 gal. per minute. 




1 
2 
3 
4 


1.211 
1.214 
1.216 
1.263 


163 
161 
159 
139 


40.0 
41.1 
42.0 
67.8 


7.3 i 
7.3 

7.4 
7.4 


0.52 
0.55 
0.58 
0.55 


2.90 
2.92 
2.95 
2.90 


0.042 
0.040 
0.040 
0.040 


1 
1 


Average 


1.226 


156 


47.7 


7.4 


0.55 


2.92 


0.040 


3.85 



Circulating Electrolyte at rate of 2 gal. per minute. 



1 
2 
3 
4 



I 1.210 

1.213 

I 1.217 

I 1.265 



167 
165 
162 
146 



37.8 
39.0 
41.0 
66.4 



7.6 
7.1 
7.6 
7.9 



0.52 
0.49 
0.51 
0.55 



2.90 


0.042 


2.95 


0.042 


2.95 


0.042 


2.95 


0.041 



Average 



1.226 



160 



46.1 



7.6 



0.52 



2.94 



0.042 



Sampled after circulation had been entirely shut off for 7 hr. with current 

ing at the rate of 36 amperes per square foot. 



1 


1.185 


179 


23.4 


2 


1.210 


164 


38.0 


3 


1.230 


151 


51.8 


4 


1.255 


138 i 


65.5 



Average 1.220 158 



44.7 



slructod of lead and antimony. These pumps wen* of limited eapa^' 
ily and the dilution of the solution was excessive. They were fol- 
lowed by a system of lead-lined cast iron eggs in which the electro- 
lyte was eolleeted and blown to the overhead tank with compressed 
air. This system was very inefficient and gave way to a type <^' 
boiler- feed pump, the water end of which was of bronze. These 
sf)on bt'came leaky fn)m corrosion and were abandoned. A type 
of plunirer pump with a b'ad-lined barrel and rubber valve and 
plunger was n(*xt tried. This pump was continued in service ^^ 
several years with satisfactory results but was replaced 10 years 
ixiio by the air lift, which has continued to hold the field. The air 
useil here is constructed of cast lead-antimony pipe 6 in. in- 
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side diameter, %-in. walls. The pipe is cast in 4-ft. Ienj2:ths witli 
tianged joints. A brick wall 20 ft. deep and 4 ft. diameter, made 
waterproof, with a cement lining, contains that portion of the lift 
that is below the floor level. Working against a head of 14 ft. 8 in., 
160 gal. of electrolyte (1.22 specific gravity) is raised per minute 
with a consumption of 80 cu. ft. of free air compressed to 16 lb. 
per square inch (see Fig. 67). 

The lift, while it is of low mechanical efficiency and sensitive to 
variations in the air pressure, is very satisfactory in its operation, 
having no moving parts and requiring but little attention. The loss 
in temperature of the electrolyte during its passage through the 
air lift from the receiving tank to the discharge tank averages 
0.5''C. The compressed air for the operation of the lift is obtained 
from the converter-plant blowing engines which arc operated by 
water power. A motor-driven compressor at the tank house sup- 
plies air in cases of emergency. 

Circulation of the electrolyte is maintained at a speed of 6 gal. 
per minute, a lower circulation reducing the production per kilo- 
watt-hour while a higher rate has the effect of disturbing too much 
the settlement of the slime and increasing the silver in cathodes. 
Table VII shows the effect on the concentration of the electrolyte of 
Varying the speed of circulation. The samples which were taken 
j^ the regular refining tank and marked zones 1, 2, 3, and 4 were 
obtained in the following manner: A glass tube, closed at the top, 
^as lowered to a point 6 in. below the surface of the electrolyte and 
^ sample collected at this point and called zone 1. Zone 2 sample 
^as taken in the same manner at a point 17 in. below the surface, 
^0. 3, 28 in. below the surface, and No. 4, 39 in. below the surface. 
I^he column of electrolyte in th(» tanks was 40 in. hi^^h. there being 
3 in. of slime in the tanks. These figures re[>resent th(^ averages Qf 
l04 samples taken during seven consecutive days from 48 refining 
tanks at 36 amperes per square foot. The samples were all taken 
between the centre pair of electrodes. These figures show a rather 
l-emarkable concentration of the electrolyte as regards copper and 
acid with negative results regarding impurities in solution and 
demonstrated that, while o[)erating at 36 ampen^s p(*r square foot, 
circulating the electrolyte at the rate of 6 gal. per minute, delivering 
the solution at the surface of the tank and discharging from a 
point near the bottom, fails to maintain the electrolyte in a homo- 
geneous state, but is found to be the most economical speed at which 
to operate. 

The arsenic and antimony are the impurities with which we are 
chiefly concerned in our refining operations, and as their effects on 



":U .^MELTING 

:- "iM'^-r nre much alike our practice is t 

-? :p«4.*un.' plus antimony in the cathode! 
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.: \;tr'-:iient with covered cathodes and coi 
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- « 



Gram per Liter 


-■^ 




As. 


8b. 


rt. 


a 


- f 




7.0 


0.44 


1.80 


0.04 


.<tj:>5i« 


of Anodes 








«i . 


02 


All per ton. 


Per r«-nt As. 


1 


Percent St 






0.25 


0.211 




0.04 


,"**?%, 


vlf's Produ<:ed 














Kncloiwl Cathode. 


1 


Regular Catbodfc 



• .•^.>«<^a«. -y*- Jl^ ft 



31.6 


35.7 


2.75 


4.0 


0.2 


1.2 


0.0036 


0.0042 






♦ii'iisity of the covered eatbodes is due to tlu- 
^^x.»i ofi\n\i by the eoverin*:. The cauvas-covenHl 
^ , . .^-Mv?. Hi *2.7r> days rather than four days, as tlu 
, ^v >i>' "n-nc siicm#i of failure. The results show that tht 
ivfci Tx:v rflVflivo in preventing but little of the silver 
ir, suspension from coming in eontact with th( 
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cathodes, but that it had a lesser effect on the arsenic and antimony 
contents of the deposited copper. 

The original method employed at these works of purifying the 
electrolyte was the manufacture of bluestone. An amount of elec- 
trolyte suflBcient to maintain the working solutions at the required 
degree of purity was daily run off from the tank house to the sul- 
phate plant. Here it was heated to the boiling point by means of 
steam coils and passed through open tanks containing shot copper 
mto which compressed air was blown until all of the free acid was 
neutralized. After the necessary concentration by boiling, the so- 
lution was allowed to cool in an open chute where most of the 
copper crystallized out. The crystals from the chute were re-dis- 
solved in water, concentrated, and run into the final crystallizing 
tanks. The crystals from these tanks were washed, dried, and 
packed in barrels for shipment. The mother liquor, after it had 
become too foul for further use, was run over scrap iron for the 
recovery of the small amount of copper remaining in solution. 
After passing over the iron the solution, which contained only im- 
purities, was wasted. This was an efficient method of freeing the 
electrolyte of impurities and would probably still be employed had 
«ot the market for the bluestone failed during 1899. In 1897 
2,300,000 lb. of bluestone was produced and shipped from our sul- 
Phate plant. 

The electrolytic method was next employed for purifying the 

^teetrolyte. The process consisted in removing from the working 

^^Ivitions each day such an amount of electrolyte as was necessary 

^^ Maintain the purity of the electrolyte. This solution was passed 

^'^^Dugh four standard refining tanks containing lead anodes and 

^^r>per or lead cathodes. These tanks were arranged in a cascade, 

tUfi electrolyte flowing from one tank to another. The Cu. As, and 

"•^ contents of the solution, as it left the last tank, depended on 

^'^^ speed of flow. With a circulation of 2 litres per minute but a 

^^ace of Cu, As, and Sb remained. The ampere efficiency of deposit, 

"^wever, was extremely low at this rate of flow. 

Table VIII shows the results obtained while circulating at 4 litres 
per minute. The percentages of elimination as shown in this table 
are high, while the ampere efficiency is very low, the two lower 
tanks in the cascade doing but little work. In subsequent experi- 
ments the most economical speed of flow was found to be 7 litres 
per minute with an elimination of 99% of the copper, 78% of the 
arsenic, and 91.1% of the antimony with a total ampere efficiency 
of about 50 per cent. 
The increase in the iron content of the electrolyte between the 
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Table VIII, — Removal of Copper, Arsenic and Antimony from Elec- 
trolyte in Insoluble Anode Tanks 







Ow 


KcitrUts 






1. 


k 




«.. 


«. 


It. 


^ 


m. 


H 


Inlet tanh No. 1... 
Outlet taak No. 1 . . 
Outlet tank No. 2.. 
Outlet tank No. 3.. 
Outlet tank No. 4.. 


144 

184 
194 
20S 
216 


37.060 
7.376 
0.504 
O.Ogg 
0.048 


6.24Z 
6.813 
7.364 

7.701 
7.91B 


3.200 
2.240 
0.400 

o.ose 

0.028 


0.463 
0.260 
0.061 
0.038 
0.0» 


2.23 
2.25 
2.26 
S.26 


17 
41 

E7 
64 
66 



inlet of the first and outlet of the last tank, as shown in Table 
■ VIII, is due to the concentration of the electrolyte by reason of the 
heat evolved by the electrolysis. These analyses are corrected on 
the basis of an unchanged volume of electrolyte in Table IX. 

Table IX. — Corrected Analyses 
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Tahi.k X. — Slime frntn hisnJfihJe-Affndp Tanks 
(Treating electrolyte direct from tank room.) 



% 



Moisture 10.0 

Cu 55.1 

SIO, 1.1 

FeO 0.4 

AlA 0.4 

CaO 0.3 

S 4.1 

As 10.3 

Sb 2.5 

Ni 0.35 

Zn 0.32 

Ag, oz. per ton 3.4 

Au, oz. per ton 0.02 

This material was sent to the blast-furnace plant for treatment. . 
The method of purifying the electrolyte now in use is a modification 
of the one just described and consists in running off daily from the 
tank house about 25,000 litres of solution, concentrating this, by 
boiling, to 48**B. From the boiling tank the concentrated solution 
is run to crystallizing tanks and allowed to stand for four days. At 
the end of this period 82% of the copper will have crystallized out. 
The mother liquor has the following analysis: A(?id, 475; Cu, 17.4; 
As, 20.2; Sb, 1.1, and Fe, 15.2 gm. per litre. This is run to the insolu- 
ble-anode tanks where it is treated for the removal of Cu, As, and 
Sb as described above. Table XI gives an analysis of the slime ob- 
tained when using this method. 

Table XI. — Anah/sis of Insoluble-Anode Tank Slime 

(Treating mother Uqiior from crystaUizing tanks.) 

% 

Moisture 9.66 

Cu 46.30 

SiO, 0.38 

PeO 1.66 

AlA •• 0.4 

CaO 1.08 

S 5.02 

As 21.48 

Sb 2.28 

Ni 0.35 

Zn 0.32 

Ag, oz. per ton 3.61 

Au, oz. per ton 0.03 

After treatment in the insoluble-anode tanks the solution is either 
returned to the tank room or treated, by further concentration and 
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crystallization as described above, for the removal of the Fe, Ni, 
and Zn. The analysis of slime from the second concentration and 
precipitation for the removal of Fe, Ni, and Zn is as follows: Mois- 
ture, 22.1; S, 16.6; Ni, 5.6: Cu, 1.3: Fe, 10.3; Zn, 2.7%. The ad- 
vantage of crystallizing the copper from the solution before treat- 
ment in the insoluble-anode tanks is that the ampere efficiency of 
these tanks is greatly increased because of the concentrated solution 
treated and that the amount of slime produced is reduced by nearly 
one-half, as follows: 

Production of Insoluhh-Anode Tank Slime 

Wet slime 

per month As 

Lb. per cent 

Treating electrolyte direct from tank room 38,333 10.30 

Removing 82% of copper before treating 21,600 21.48 

The slime from the insoluble-anode tanks is sent to the blaat-f^ 
naces for treatment, the iron slime is washed for the removal t( 
free acid and sent to the blast-furnace or wasted if free of eopjptf- 
The arsenic liberated from the anodes in the refining tanka flnli 
its way into the following products in the proportions shown: Jj 
cathodes, 1.22 ; in silver slimes, 17.19 ; and in purification alimea aid 
cathodes, 81.59^^. It is therefore necessary to remove from tte 
electrolyte 81.59% of the arsenic liberated at the anode. 

From a converter anode carrying 40 oz. silver and 0.24 os. goB 
per ton, a slime carrying 43.3% Cu, 5000 oz. silver, and 34 ox. gold 
per ton is obtained : See Table I for complete analysis. 

This slime is removed from the refining tanks once in 60 daya il 
the following manner: A copper jumper, held by the iron atndl 
provided, connects the two ends of tank bars on adjacent tanka aad 
short circuits four tanks. The anodes and cathodes are removad 
and the slime, 5.5 in. having accumulated, is diluted with water atld 
pumped by means of a bronze steam injector to a round lead-lined 
tank, 12 ft. diameter, 4 ft. deep, situated 200 ft. distant in the alime- 
aampling room. Before entering this tank the slime passes through 
a lead screen with M<-in. holes, Mj-in. centres. In this tank the slime 
IB washed with hot water to remove the free acid and soluble copper. 

Prom this tank the slime is dropped into a cast copper, lead-lined 
tgg from which it is forced by compressed air at 100 lb. pressure 
into a modified Bushnell filter press containing hard-copper plates 
and rings, 8-oz. duck being used for filter cloth. Thirteen cakes 26 
in. in diameter and 1.25 in. thick are made at each charge ; the wet 
weight is 865 lb. per charge at 21% moisture. Prom the filter press 
the slime is placed on steam- jacketed copper-drying tablea where 
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^ the moisture is reduced to 10%. The slime is then <;riiBLi;d with i 
roller OQ a cement floor aud sampled in 22,0O0.]b. lots fur shipment. J 
Tlie slime is sfinipli'd in the fullowing nmuuer. The 22,0(X1-Ib. lot^ 
is shoveled into a eonieal pile, each shiivelful being delivered upon 
llic apex of the cone. To insure thoi-oiit^h mixing of the material 
this operation is repeated twice. The material is then split-shoveled 
four times; these operations reduce the sample to about 300 lb. 
Pnnn this pi'iiit the material is quartered down with repeated erush- 
■ icg to about 130 oz., the laboratorj- sample. The alirae is then packed 
in 10-oz. canvas sacks holding 140 lb. each. Four of these sacks 
are packed in paper-lined wooden boxes, in which shape the slime is 
.shipped to an Eastern refinery for treatment. About 560,000 lb. of 
slime is produ''i'i! nnd sbijijifd per yejir. 




The main tank room is divided into 10 divisions of '-i'l lanks each. 
Each division is taken care of by two men who are held responsible 
for these tanks. One inspector, locating and removing short cir- 
cuits between anodes and cathodes, is employed for each two divi- 
sions. The inspector's work is done on night shift. 

Sixteen tanks of 2-day cathodes, per division, or one-half of the 
tanks, are drawn daily, each tank containing 22 anodes and 22 
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cathodes. The day's starting sheets having been delivered to the 
different divisions by the night shift, the tank men begin drawing 
cathodes in the morning. Four cathodes are drawn at a time with 
a 1-ton Yale <& Towne triplex chain block and multiple hook as 
shown in Fig. 68. The cathodes after being replaced with starting 
sheets are deposited in the lead-lined wheel carriages shown in Fig. 
69; each carriage holds 66 sheets. The solution dripping from the 
cathodes is held in these carriages to be later drawn off through an 
outlet in the bottom. When the carriage is loaded it is moved by 
hand to the scales, situated as shown in Fig. 60. After weighing, 
the cathodes are lifted from the carriage by the traveling crane. 
The ends of the angle irons on which the cathode rods rest in the 
carriage are punched to receive the crane chain hooks by means of 
which the crane raises the load. After the cathodes are removed, 
the carriage^ is weighed to obtain the tare. The crane then raises 
the cathodes and loads them on to a 4-wheel truck for delivery to 
the furnaces. 

After the catliodes are drawn the tank men inspect the anodes, 
marking such as are ready to be removed as scrap. The same 
carriages as were used for the cathodes are now spotted under the 
trolley track at the end of the tanks and the anode scrap is de- 
posited in them. When all of the scrap has been removed in this 
manner the carriages are moved to the scales and weighed. The 
crane then lifts the scraj) from the carriages, l)y means of the angle 
irons, and conveys it to a tank where the slime is washed from the 
surfaces with a stream of water. The scrap is then placed on trucks, 
by th(* ciane, from which it is h)ade(l into box ears for shi|)nu^nt to 
the converters. After the scrap has been all drawn from the tanks 
and the cariia»rcs removed, the tank men proceed to till the vacan- 
cies, thus ma(i(^ in tli<* tanks, with new anodes as shown in Fig. 6S, 
one anode at a time l)ciii«r handled. As but four cathodes are re- 
moved from one tank at a time it is not necessary to cut the tanks 
out of circuit while drawing copper. 

As compared with the traveling-crane system of handling the 
anodes and cathodes in tank units, the hand chain-block system of 
handling, as employed hiM'c, admittedly recpiired more labor but is 
not without its advantages, which are as follows: 

First, the chain-block system permits the use of converter anodes. 

Second, the chain-block system, with aisles between the refining 
tanks, permits of starting sheets being straightened and placed in 
the tanks in such a manner that subsequent removal and straighten- 
ing is not necessary. 

Third, respacing of anodes and cathodes, from time to time, as the 
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anodes corrode, to reduce the resistance of the tank, is unnecessary 
as the tank men properly space each separate anode and starting 
sheet as placed in the tank. 

Fourth, there is a lower percentage of scrap and no scrap to be 
returned to the tanks. 

Cash prizes are awarded to the tank men on the division making 
the best and second best records for the month. The division pro- 
ducing the highest tonnage of cathodes, after deducting the weight 
of the anode scrap, is considered as having the best record. This 
plan. has been found very effective in stimulating rivalry between 
the different divisions and thereby improving the efficiency of opera- 
tions. 

Four insoluble-anode tanks to take care of the increase of copper 
in solution are provided. These tanks, as shown in Fig. 60, are 
situated in a separate room south of the pump hcmse and, by means 
of a system of circulating pipes, can be run on any of the three 
electrolytes. It is not usually found necessary to operate more than 
Iwo of these tanks at a time. 

Four-day cathodes at 34 amperes per square foot are produced in 

these tanks. The product of these insoluble-anode tanks is of the 

same purity as the product of the soluble-anode tanks provided the 

rate of flow of the electrolyte is sufficiently high to insure ample 

copper in solution in the lower tanks. When the rate of flow is 

greatly reduced or altogether stopped the electrolyte soon becomes 

impoverished in copper, and arsenic is deposited out of the solution 

with the copper. The circulation is maintained in these tanks at 

the rate of 10 gal. per minute. 

The following is a summary of the average amount of copper, 
silver, and gold locked up in the process while drawing 2-day 
cathodes and refining at the rate of 174,000 lb. copper per day. 

Mel (lis Locked up in Process 

Copper, lb. Silver, oz. Gold, oz. 

In anodes 2,300,000 44,000 316 

m slime 22,300 140,000 850 

In cathodes 180.000 

In solutions 95,000 



• • 



Totals 2,597,300 184,000 1166 

To arrive at the weight of eopper in the refining tanks, for in- 
ventory purposes on the first of the year, a spring balance is at- 
tached to the chain-bloek hook and the anodes and cathodes are 
raised clear of their supports and weighed in solution. A factor, 
previously determined, representing the difference in weight of the 
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average electrode, weighed in solution in this manner, and its actual 
weight is applied to the weights thus obtained. Weights obtained 
in this manner are found to check actual weights very closely. 

The amount of slime in the bottom of the refining tanks at any 
time is calculated from the tank cleaning record, the number of days 
the slime has been accumulating and the amount of slime that is 
liberated at the anode per tank per day per ampere being known. 

Current readings are taken and recorded hourly from a 10,000- 
ampere Weston station ammeter, the shunt of which is situated in 
the centre of the tank house. At the power house on each generator- 
switchboard panel is a 5000-ampere instniment of the same type. 
The averacres of the hourly readings from these instruments are com- 
pared daily with the readings of the tank-house instrument to de- 
tect possible current leakage. A system of pressure wires connects 
the refining tanks and the generators with a voltmeter switchboard 
situated in the office at the electrolytic plant. Hourly readings of 
the voltages at generators, at the tank house, and at the different 
divisions and subdivisions of refining tanks are taken and recorded. 
In this manner abnormal conditions in any group of refining tanks 
or any change in resistance of the transmission line are promptly 
made known. 

The daily report contains, on one sheet, the cathode production 
for the day and to date for the month, the number and weight of 
startintr shoots usod, tho pounds of copper deposited per tank per 
day por aiiipore in tlio difFc^ront sootions, the percentage ampere 
offioionoy of tho total production, tho amount and percentage of 
anod(* sorap for tho day and to dato for the month, tho average 
amporos, volts, and kilowatts for the day and for the age of the 
oathodos drawn, tho avoraire woicfht i)er cathode drawn, the pounds 
of anodos, oathodos, and anode sorap on hand, the payroll for the 
day, and a diirost of tho olootrolyto men's reports showinpr amount 
of solution troatod in tho purifying ])lant, charaotor and speed of 
oiroulation of olootrolyto, and other minor data-. 

Th(^ ])rosont praotioo is to draw 3-day cathodes on ^Mondays and 
Tuesdays, l2-day oathodos on the four days following, and none on 
Sundays, tho <ronorators running continuously during the seven 
days. Undor tho head of 22 anodos and 22 cathodes per tank in 
Tabh' Vr, tho rosults obtainiMl aro shown in dotail. Tin* average 
daily pi-oduotion of rofint^l oop])or is 174,000 pounds. 

Th(^ ro fininir-furnao(^ ]>lant. to bo operated in oonnoction with the 
cliM^trolytio rofiuo?-y, bofran producing anodes from converter copper 
in Ootobor, 1S02. Tho ori«rinal installation consisted of two coal- 
lirod rtnoi-boratoi'v furnaocs. Those furnaces wore identical in 
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design, having a hearth 15 ft. 6 in. by 10 ft. 6 in. with a firebox 
•i by 4 ft. Each furnace was provided with a separate brick stack 
65 ft. high, 28 by 28 in. inside. The capacity of these furnaces was 
30,000 lb. of copper each. The furnace building was 80 by 128 ft. 
steel frame covered with corrugated iron. During 1893 and 1894 
two additional furnaces of the same type and capacity were added. 
Two of the furnaces were employed in producing anodes from 
converter pig and anode scrap from the electrolytic plant and two 
were used to make wire bar, cake, and ingot from the cathodes. 

All of the furnaces were dipped by hand, 9-in. ladles being used. 
The copper was cast in iron molds, the electrolytic copper being 
dumped in boshes containing water. The anodes were removed 
from the molds, by means of hooks, and allowed to cool in the air. 
Later these four furnaces were replaced by two larger furnaces of 
an estimated capacity of 50,000 lb. of copper each, subsequently in- 
creased to 100,000 lb. each. The hearths of these furnaces are 14 
by 24 ft. and the fireboxes are 7 ft. long by 8 ft. wide. One of these 
furnaces is connected to one of the original brick stacks, described 
above, and the other is provided with a new brick stack 74 ft. high 
with a 34 by 34-in. flue. These two furnaces with a combined 
capacity of 200,000 lb. per day now handle the cathode output of 
the electrolytic refinery, the anodes coming direct from the con- 
verters. 

The product of the refining furnaces is dipped into copper molds, 

'Jiade at the furnaces. These molds are hung in trunnions over 

^^«3t iron boshes through which cold water is circulated. The mold 

'** capsized, as soon as the metal is set, and the copper drops into 

^H^ cooling water. Cooling in this manner prevents the formation 

^^ cupric oxide on the surface of the castings. The copper is eon- 

^'^^ed from the furnaces to the molds by means of large ladles sus- 

l^^nded by chains from a trolley running on a % by 4-in. track 

*Vispended over the boshes. Hand-forged Welsh ladles of the fol- 

*^^>wing sizes and capacities are used: 14 in., capacity 200 lb. of 

^^pper; 16 in., 250 lb. of copper; and 19 in., 350 lb. of copper. The 

^ize of the ladle used is governed by the weight of the casting to 

^e made. 

The principal forms into which the copper is cast are as follows : 
Ingot, ingot bar, cake, wire bar, and a special form of round billet 
Used in the manufacture of seamless copper tubing. The copper 
is shipped direct to the consumer. A 100,000-lb. charge is taken out 
of each furnace once in 24 hours. The usual practice of rabbling 
and poling the copper, for the oxidation of impurities and bringing 
of the metal to the proper pitch for casting, is carried on. The 
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rabbling is effected by introducing compressed air at a pressure ol 
16 Ih. per square inch into the molten bath by means of two %-io- 
iron pipes, the ends of the pipes being kept below the surface o' 
the metal. About two houra is required for this operation. The re- 
ducing action is obtained by forcing the green pine poles into th* 
bath and covering the surface of the metal with charcoal. AboLB-t 
28 poles, 8 in. at the butt and 4 in. at the top, and 35 bushels oi 
charcoal arc required per charge of 50 tons of copper. 

The condition of the bath, as regards oxygen contents, is notfr«i 
from time to time by the refiner as ho examines tJie successive butti» n 
samples taken from the bath in a small ladle. When the physical! 
appearance of the button indicates that the 'tough-pitch' stap^re 
has been reached the poles are removed and the dipping operatic*- n 
is begun. As the dipping proceeds the refiner observes the set «zz»f 
the castings made and adds charcoal or logs of wood to maiutn'mn 
the oxygen at the proper point. The skimming of the furnace tak ^cs 
place just before the rabbling or o.tidizing is started. The slag * ~*>- 
tained is equivalent in weight to about 3.5% of the copper charger J, 
varying with the amount of lime used. The following is the avF"?-*"- 
age analysis of slag produced at furnace No. 2 producing wire ba. f '• 
Cii, 62.8*0% ; SiO,. 19.1% ; PeO, 2.0% ; Al^O,, 1.8% ; CaO. 7.2er^ • 
MgO, 1.4% ; S, 0.17% ; As, 0.02% ; Sb, 0.025% ; Ag, 0.350 oz. per tc^»- 




Tile fuel used in tlu'.'^e funmces is known as Locbray lump coal." 
bituminous ciml niitifd nl Trary, Mont.. 15 miles from these works. 
The analysis is as follows: Moisture, total. 7.01%; moisture, eom- 
b«>">'! 1.7%; volalile miitter. 24.7%: fixed carbon. 48.0%; ash. 
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18.5% ; sulphur, 3.5% : B.t.u. per pound of dry coal, 10,803. It 
will be uoted that this coal is hi^rh in sulphur. To protect the cop- 
per as it melts from the sulphur dioxide ^^ases, resulting from the 
combustion of the fuel, one-third of the cathodes going to make 
lip wire bar charges are dipped in milk of lime before charging. As 
the copper melts, the lime forms a protective covering for the metal, 
liindering in a large measure the absorption of sulphur by the 
molten copper. This whitewashing process accounts for the lime 
And magnesia in the furnace slag. The average analysis of wire 
har produced at these furnaces is shown in Table I, and the relation 
of arsenic to antimony in wire bar is shown in Fig. 69. The analysis 
of cake, ingot, and other furnace products, in which high electrical 
C5onductivity is not essential, will contain 0.02 to 0.05% less copper, 
clx-^e to the increase in oxygen content. 



THE REFINING OF COPPER 

(November 4, 1911.) 

Eight plants handle the refining of upward of 1.000,000,000 lb. 

^^^ copper in the United States annually, according to the Boston 

^ ^Ws Bureau, When all plans have been carried out, the Guggen- 

"^ims, with their three refineries, will lead in capacity with a total 

^^ 480,000,000 lb. per year. At the moment thene is being sold 

through their sales agency approximately 340,000,000 lb. per an- 

"^*^n. The three Guggenheim refineries are owned by two of their 

^^^iripanies. American Smelters Securities Co. owns the Baltimore 

P*Hnt, which at the time it was purchased had an annual capacity 

^^ 144,000,000 lb. Early in 1910 this had been increased to 240,000,- 

^^ lb. per year, and Daniel Guggenheim went on record some time 

^^o as saying that its ultimate capacity would be 288,000,000 lb. 

^ *^e Smelters Securities company also owns the Tacoma smelter and 

^^finery, which has a capacity of 24,000,000 lb. per year. The Perth 

^^boy refinery is owned by the American Smelting & Refining Co. 

^^ has a capacity of 168,000,000 lb. per annum. Thus for the three 

^^ggenheim refineries an ultimate capacity of 480,000,000 lb. yearly 

should result when all improvements and additions have been 

completed. 

By combining the capacities of the Raritan and Boston & Montana 
refineries the Amalgamated interests have a yearly total of 456,- 
000,000 lb. in comparison with Guggenheims future total of 480,- 
000,000 lb. The Laurel Hill refinery, owned by the Nichols Copper 
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Co., has long held first place with regard to capacity, or at the rate 
of 396,000,000 lb. per year. This place has been usurped by the 
Raritan refinery, formerly owned by the United Metals Selling Co.. 
but now controlled and operated by the International Smelting & 
Refining Co., its capacity being 408,000,000 lb. per annum. Th* 
Anaconda company operates a refinery in Montana with a capacilc.2 
of 48,000,000 lb. yearly. 

In the following table increase in capacity of the various refine ^i*- 
ies in the past three years together with present annual capacitr- ->' 
is shown : 

^ ^Monthly n 

Plant. Annual. 1911. 1910. 1909. 

Raritan 408,000.000 34,000.000 27,000.000 24,000,OniMiOO 

Boston & Montana 48.000.000 4.000,000 4,000,000 4,000.0^^00 

Nichols 396,000,000 33,000,000 33,000,000 27,000,0^ ^ 

Guggenheims •480,000,000 ♦40,000,000 25,000,000 12,000.0^ ^ 

U. S. Refining 180,000.000 15,000,000 14,000.000 10.500,0* ^^ 

Balbach 30,000,000 2,500,000 2.500,000 2.500,0 m 



Total 1,542,000,000 128,500.000 105,500,000 80,000,(^ 00 

•Ultimate capacity. 

Selling and refining of copper has always gone, for the most pa^i^t, 
hand in hand. The United Metals Selling Co. handles practical h' 
all of the Raritan and Boston & Montana output, which at f«-'>l^ 
capacity would total 456,000,000 lb. The Raritan plant, under ■r-'^' 
cently acquired contracts, has been treating the product of thi^^^^ 
companies, Miami, British Columbia, and South Utah, which ^^ 
does not sell. All other copper refined by International Smelti^^'^ 
& Refining Co. is marketed by the United Metals Selling Company. 

The Nichols Copper does not maintain a selling agency, its pr^^^' 
duct being sold by the American Metal Co. In addition to t I^^ 
Nichols output the Anierican Metal Co. operates the Balbach T'**' 
finery. Tlie best customer of the Nichols has for years been Phelf >^' 
Dodge & Co., with about 135,000,000 lb. of copper at current rate <^^ 
operations. Phelps, Dodge & Co. alone of the big selling agenci^-^* 
does not own a refinerv. 

A close working alliance has existed for some years between ti^ w'^ 
United States Smelting, Refining & Mining Co. and the L. Vogel- l^j^ 
stein & Co. selling agency whereby the latter markets the output of l^.j 
the former. The Calumet & Hecla Co. owns and operates a small \>^^ 
refinery at Buffalo w^here a portion of its subsidiaries' product is Iv^.- 
being treated electrolytically. There also the silver-bearing native l;u 
copper of the Quincy company has been electrolytically treated for I sui 
some time past. \*j^i 
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ELECTROLYTIC COPPER REFINERY 

(July 16, 1910.) 

The method of designing an electrolytic copper refinery may be 
illustrated by the following figures for a 12-ton plant. According 
to European practice one ampere-hour of current will deposit 1.183 
grams of copper. One ounce equals 28.35 grams, and in a 12-ton 

plant the deposit of copper should be : 

12 X 2000 lb. -I Ann lu u 

^ 24 hours = 1000 lb. per hour. 

•i ^ 1000 X 16 oz. X 28.35 gm. qqo 4 0o i 

hence yTsz — ^^ 383.432 ampere hours. 

If the whole work has to be accomplished in one plant and plans 
for 90 vats in three series of 30 each be adopted, then the generator 

would have to furnish: ^^^- =4260 amperes. 

The voltage required per vat should not, in a well designed plant, 
exceed 0.6; but allowing for impurity of the anodes and other local 
conditions 0.8 will be a safe maximum. For 90 vats, then, 90 X 0.8 
= 72 volts, will be needed, and 72 X 4260 = 306,720 watts = 411 
horse-power to deposit 12 tons per 24 hours, or 34.23 hp. per ton as 
a maximum figure. But, as noted above, a voltage of 0.6 per vat 
should be ample under perfect conditions, and if this figure be 
adopted 90 X 0.6 = 54 volts will be needed and 54 X 4260 = 230,040 
watts = 308.3 hp. to deposit 12 tons or 25.7 hp. per ton of copper 
deposited. 

Suppose a current density of 12 amperes per square foot anode 
and cathode surface be figured, and for a generator maximum 
fibres, 411 hp., be taken, with 10% added for loss in efficiency, the 
total will then be 452 hp. which, divided among three generators of 
151 hp., calls for 150 hp. each. Assuming 12 amperes current 

density to be correct, -j^- = 355 sq. ft. anode surface will be needed 
in each vat. This may be taken as 360 si[. ft. in round numbers. 
Allowing a superficial area of 8 ft. per anode, 45 anodes l^ will 

be needed in each vat. Figuring the size of the anodes to be 16 by 
36 in., will just give 8 sq. ft. area for ])()th sides. Anodes should be 
made about one inch thick, and should have a lug east on each with 
a hole suitable for a hook. The width of a vat depends upon how 
many anodes are placed in it and connected on each single positive 
conductor bar. Suppose three to be arranged cm a bar, and a 2-in. 
space be left between them, with 3 in. between the anodes and the 
sides of the tank, then the width of the tank will.be 58 in. Dividing 
the 45 anodes by 3 gives 15 as the number of rows of anodes. A 
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space of 2 in. should be allowed between the electrodes, and as 
there should "always be one anode between two cathodes, it follows |] 
that there must be in this ease 15 rows of anodes and 16 rows of 
cathodes. Fift<H»n rows of anodes, 1 inch thick equals 15 in.; ItJ 
rows of cathodes, % i". thick equals 2 in., and 32 spaces of 2 in. 
equals '>4 in. These added make the total length of a vat, 81 in- 
Allowing 10 in. space below the anodes will give a dej^th of 46 in- 
The size of the vat therefore should be 7 ft. long by 5 ft. wide by '^ 
ft. 10 in. deep. 

At each series of vats the positive terminal of the generator ^ 
connected with two copper bars, well insulated, resting on the v *t. 
Slightly elevated above these two bars are placed two negative cop- 
per bars, which at the end of the vat are bent and extended into ^he 
next vat as positive bars in line with the terminal bars in the fi 'S^ 
vat; and so on from vat to vat until the end of the series, where ^^'^ 
last pair of bars is connected with the negative terminal of 'fhe 
generator. Iron cross bars from which the anodes are susik^ucI**" 
rest on the positive conductor bars, and iron bars supporting * ^^^ 
cathodes rest on the slightly elevated negative conductors. 'T*^* 
vats are filled with the solution H^O -f- CuSO^, and it is import*^- '^ 
to have this solution circulate both rapidly and quietly in orc^^' 
not to disturb the mud collected. All the anodes and cathodes it:^^ 
vat should be raised and lowered in a battery and transferred ^ 
help of a traveling crane or overhead crawl. The anodes may * 
cast in the copper converter plant in sizes as given above, transferr'^'^ 
to the electrolytic refining plant, and placed in the vats. '1 "^ " 
cathodes should be of the purest commercial sheet-copper of tr^- [ 
same sizes as the anodes. The electrolytic process transfers all 
copper in the anodes, less the impurities, to the cathodes, and f 
copper accumulated on the cathodes varies but a small fractL 
from 100% pure. The plant should, by preference, be housed ii 
steel building on stone or on a concrete foundation. 
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.ECTBOLTTIC COPPER BEFININO AT THE NIKKO COPPER 

WORKS 

By Tetsutaro Hasegawa 
(October 12, 1912.) 

The electrolytic refiner^' at Nikko was built in 1905 to refine the 
pper from the Ashio mine of the Fiirukawa Mining Co., and ab- 
pbed the older Honjyo plant at Tokyo. It is owned by the Furu- 




FiG. 70. Surface Map, Akiiio Mine. 



»Va company and serves to refine the blister copper produced at 
various mines of that company. The ^rowin^i; demand in Japan 
' copper wire and other merchant forms of the refined metal has 
c>rded a steady market, and the trade-mark of this plant is now 
11 known throughout the Orient. The first plant was built upon 
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the series system, aud a brief deBcripticiii uf it appeared in the Minin- 
antl Srimfiflc Press of October 14. 1914. (See p. 401.) 

To meet the ciemand for increased output, an addition to the re 

finerj' has recently been eonstrueted. of reinfored concrete afte- 





the Kahn system. Tliis is mIujwu iu thi! aeuonipanying 11 lust rations, 
and contains 108 vats in 12 groups of 9 vata each, In this case the 
arrangement patented by Walker is naed. The vats arp made of 
wood and lined with >i-\b. sheet lead. A grouji of 9 vats is 9 ft. Ii)' 
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^0 ft., and 4 ft. deep. The anodes used are 2 ft. 3 in. wide, 3 ft. 
^oi]g, and 1% in. thick, while the cathode strips are 2 ft. 4 in. wide, 
^ ft. long, and 1/32 in. thick. A single vat will hold 18 anodes and 
19 cathodes, spaced 4 in. centres. 

At present the anodes are left in the vats about 21 days and the 

cathodes 7 days. The current density used is 20 amperes per square 

^oot. The solution enters at the top of the vat and escapes at the 

'bottom, the rate of flow being 100 cu. ft. per hour. The best results 

^i"e obtained where the electrolyte is warmed to 40 or 50°C. The 

^oueral arrangement of the plant can be seen in the illustration. 

The racks for the anodes are in the immediate foreground, just be- 

^^ind them are the tanks in which the anodes are washed, and to the 

^^ar of these are the racks for the cathodes. Behind these are the 

electrolyte vats, with the crane, of Whiting make, above them. The 

Reservoir for electrolyte is seen to the right, in the prolongation of 

"tVie line of the crane into the lower portion of the building, and the 

Regenerators are seen in front. The annual output is expected to be 

^,000,000 lb. of refined copper. The power-house is the small brick 

l>uilding, 54 by 36 ft., seen to the right in the illustration. Here a 

450-hp. motor-generator set furnishes the current of r)000 amperes 

Ht 60 volts which is transmitted to the refinery. 



WHO SELLS THE COPPER 

(May 3, 1913.) 



Agencies for selling copper usually handle the metal from several 

concerns. As the business is profitable, it is much sought, and 

changes are frequent. The most recent list, based upon pounds 

handled last year, and compiled by the Bnsian News Bureau^ is 

given below: 

United Metals Seixino Co. 

Pounds 

Anaconda and North Butte 294.000,000 

Lake Mines (Copper Range) 40,000,000 

Arizona Copper Co 38,670,000 

Utah Consolidated Mining Co f 8,000,000 

Greene-Cananea 48,346,000 

Glroux 3,768,000 

Pennsylvania Salt Mfg. Co 6,000,000 

Imports 10.000,000 



Total 448.784,000 
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American Smelting & Refining Co. 

Cerro de Pasco 48,000,0CF ^ 

Tacoma refinery and smelter product, Alaska, and miscellaneous. .113,000 ,0(^^*^ 

Utah Copper Co 95.200.00^*^ 

Nevada Consolidated 63.500,00«iC]B^ 

Tennessee Copper Co 13,000,00«^I3«Jft 

Ray Consolidated 35, 400.00 ^«3^ 00 

Chino 28,700,00-^Z^ ^^ 

Mason Valley 16,000.03 mi.2 ^y 

Ohio Copper 6.972,00' OOO 



Total 419.772,00^^=1* «0 

American Metal Co. 

Old Etominlon Copper Co 27.571,00O«0( 

Shannon Copper Co 16.&00.000 ^)oo 

Granby 22.630.000 

Imports, Ducktown. and miscellaneous 56,000.000 

78,630,0(2^ '^00 

East Butte 14,765,0(1^ ^00 

Teziutlan Copper Co 10,000,0t^ ^0 

Torreon smelter S.OOO.O*' OO 



Total 152.466,01 

Calumet & Hecla 

Calumet & Hecla 65.490,0^^^^ 

Osceola 18,154.0^^t>*^ 

Allouez , 5.627,0^^^^ 

Ahmeek 16,197,0^^=^^ 

Superior 3,900.0^ *^"^ * 

Tamarack 7.783,0^<^^^ ^ 

Isle Royale 7,968.0 ^^^ ^ 

Centennial 1.732,0^*^—^' 

Victoria l,200.0-^«-^^ ^ 

Total 128,051.0^;;=^^'^ 

Phelps, Dodge & Co. 

Copper Queen Smelter 123,276,0 ^^^^ 

Detroit Copper Co 24,976,(^^^^^ 

Calumet & Arizona 55.200,0 ^>^ 

Total 203.452,0^^ 

L. V(kjhlstein & Co. 

United States Smelting 22.500,(HJ^ 

Matte, smelter material, and Imports 45.000.0^^ /^ J 

Orford Copper Co 15.000.00(^ 

United Verde Copper Co 33,000,0(W 

Total 115.500,000 



( ' I 
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Adolph Lewisohn it Sons 

Pounds. 
Miami Copper Co 32,814.000 

Shattuck-Arizona (In 1913) 15,000,000 

i . I. ...^_^^__ 

Total 47.814,000 

Beer, Sondiieimer & Co. 

British Columbia 11.000,000 

Cuba Copper 5,000.000 

Miscellaneous 4,000,000 

Total 20.000,000 

E. P. Earle 

South Utah mines and smelters 2,000,000 

Mexican imports 3,000,000 

Japan imports 4,000,000 

South American imports 4,000,000 



Total 13,000,000 

Direct to Trade 

Qulncy Mining Co 20,250,000 

Wolverine 9,120,000 

Mohawk 11.995,000 

21.115,000 

Franklin 2.450,000 

Mass 1,400.000 

W. Parsons Todd 

Winona 2,200.000 

Lake Copper ., 800,000 

Total 3,000,000 

The leading metal eoiicerns of Europe have representatives in 
New York who buy copper in large quantities direct from pro- 
ducers or selling agencies. Notwithstanding this fact the leading 
American producers and selling agencies have their own representa- 
tives in the various European markets. In London, C. S. Henry & 
Co. represents the Amalgamated Copper Co., Henrj^ R. Merton & Co. 
the American Metal Co.. while L. Vogelstein & Co., Phelps. Dodge & 
Co., and the American Smelting & Refining Co. also have men on the 
spot. Aron Hirsch & Sohn of Germany has close aflRliations with 
L. Vogelstein & Co. and is represented throughout Europe ; in ad- 
dition the firm sells much Australian cop])er. 
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COPPER MARKETS OF THE WORLD 

(October 5, 1912.) 

The following is taken from reports from the cities mentioned, 
published in Daily Consular and Trade Reports. 

The use of copper for manufacturing purposes in the London con- 
sular district constitutes but a small portion of the total consump- 
tion of the Ihiited Kingdom. The greater part of the copper is 
required in the Midlands and north of England, which contain such 
great industrial cities as Birmingham, Manchester, Newcastle, Shef- 
field, and Leeds. Liverpool, by reason of its situation, is the port 
which receives most of the copper imported into the United King- 
dom from the United States. Some American copper is delivered at 
Swansea, but it forms a very small proportion of the total imports. 

Liverpool is the principal port in the United Kingdom for the 
importation of copper ore and unwrought copper, taking about 
three-fourths of the former and nearly one-half of the latter. It 
may be accepted that all of the copper ore imported into Liverpool 
is smelted in this district, but diligent inquiry fails to obtain exact 
figures as to the local consumption of the unwrought copper. Neither 
manufacturers nor brokers will give definite information or even 
satisfactory estimates. The closest figures obtainable are that 70% 
of the imports of unwroutrht copper is used in manufacture in this 
district. 20*^r forwarded outside of the district, principally to Leeds 
and HirininLrliani, and about 10% re-exported to foreign countries. 
This ro-oxport varii's and was found to be one-third less in 1909 
than in IJUi^ althoucfh the imports in 1T)09 were about double those 
of 1910. 

Two of th(^ manufacturers in tlie Ijiverpool district principally 
produce shtn^ts. bars, and heavy plates for working into shape by 
et)ppersmiths. and known to the trade as 'copper bottoms.' Birm- 
iuLrliani is tiie centi-e of manufacture of copper for kettles, pans, etc., 
and is \\w larirest piircliaser. C'oppcu' plates are also purchased by 
Kirypt and hulia for r.se in the manufacture of utensils, trays, etc. 
A third manufacturer producers copper telegraph and telephone 
wire. There are no copper smelters in Liverpool itself, but this 
district is probably the greatest centre for smelting in England; 
Swansea, which previously led, being now second. Near Liverpool 
thei'c aie 7 firms operatinir 9 sni«*ltinir works, and 4 have offices in 
til is city. 

The sale o\' copper ore is principally through brokers on commis- 
sion, and n(^t on the nuirket. In the case of the unwrought copper. 
wliicli is warehoused in Liverpool, the nuinufacturers purchase it 
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on the London Copper Exchange, and the product of the smelters 
is purchased either in this way or through agents, and through 
dealers who buy large quantities to dispose of later. This copper 
is sold on what is known as * standard copper' terms, which include 
various grades, the basis being 97% pure copper. If upon delivery 
the percentage should be below 97% and not less than 96%, the pur- 
chaser is entitled to a deduction accordingly, but if below 96% and 
not less than 93%, a double deduction is allowed. If under 93%, the 
copper can be refused. On the other hand, if over 97%, excess must 
be paid. 

Birmingham, by variety of its industries, probably uses more 
copper for manufacturing purposes than any other city in the 
United Kingdom. There is a large and increasing consumption of 
copper, however, in London owing to the electrification of rail- 
ways. Of the total imports of un wrought copper into the United 
Kingdom in the last three or four years, only about one-third was 
imported into London, but most of the re-exports were shipped 
from this district. The smelting and refining of copper and the 
making of articles of brass and copper have been important in- 
dustries of Birmingham, for many years. Not so very long ago 
iiearly all of the copper or brass articles within the United King- 
dom were of Birmingham origin, and this district properly claimed 
supremacy in the metal trades; but copper manufacture of various 
Snnds has developed in other British cities, so that while Birming- 
liam is still first, its leadership is by no means so unchallenged. 

Several firms engaged in refining copper in Birmingham and 
vicinity are generally referred to as smelters, but as a matter of 
fact the copper that comes to them for refining has already been 
smelted and contains only traces of a few other metals. In the past, 
^when it was customary^ for the copper ore to be brought to England, 
^•efining proper or smelting was really an important industry in 
Birmingham ; but with the development of smelting and refining 
in the United States and in other copper producing countries, and 
l)ecause of heavy freight charges for carrying crude ore from the 
sea-coast to Birmingham, it became impossible for local smelters to 
compete with those more favorably situated on waterways, so what 
was left of the industry in England remained in the hands of re- 
finers on the coast. Copper is used in the Birmingham district for 
the production of copper and brass sheets, tubes, and wire, for the 
manufacture of cartridge cases, bedsteads and bedstead mounts, 
fenders, brass founding, lamps, pins, church bells, gas and electric 
fixtures for plumbing, motor accessories, and many other articles in 
which copper is required. The output of these products is immense, 
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and thf; rjuality UHually excellent, the copper, bnus. and light 
metal trade^i tf^-nerally driving employment to thousands of people. 
KHtimat^ hh to Birmingham's proportion of the copper required 
for manufacturing in the United Kingdom vary materially. Un- 
fortnnatf»ly, thfre is no way of ascertaining the truth, because 
there aro no statistics of the raw copper that comes into Birming- 
ham, whili* thr* same copper will be used over and over again in 
various degrees of manufacture. The six largest Birmingham firms 
with cc»pper and brass rolling mills are said to consume at least 
tiOJHH) lontr tr»ns of copper annually, while other mills and industrieifft 
are thought to consume as much more. The quantity of copi>ct 
from America and other copper-producing nations that comes "VO 
Birmiiigliam or Great Britain fluctuates each year with trade 
qiiiremcnts. Much depends upon the price at which the coppei^ 
offered and the supply available. At one time it may be more pre 
able for a copper manufacturer to buy Japanese or Chilean, M( 
can, or other copper, while at another the American article may 
more profitable to him because of the prices at which and the rej 
ness at which it can be obtained at the moment. However, 
American copper represents more than 50% of the production of ' 
world, it necessarily stands pre-eminent in the market and m 
always command a considerable sale. Then the almost perl 
purity, 99.9%, of the American cathodes, ingots, cakes, or wire b 
that conic to Oreat Britain gives American copper a high repii 
tion with manufacturers, ])ut what is regarded as the **independ« 
attitude** assumed by the American companies that sell copper 
England causes serious complaint on the part of those who are=- 
the market for copper supplies. American copper companies - 
said to refuse to sell to England except on the American certii 
weight and not upon the weight of copper on arrival. As copiK^^*' 
cathodes must be lifted and handled about eight times on *'j<* 
way to the consumer in England, and as they are rough and ea5=^^^' 
abraded, it can ])e seen that the ])ercentage of loss in weight is r <^w- 
siderable. C()i)])er merchants generally, at the normal price of chop- 
per, calculate this loss as an increased cost to them of about ^c- 
per long ton. 

Another objection made to American copper is that cathodes are 
frequently of too great weight. Sometimes a cathode will be 86 lb., 
which is not sti'ongly objectionable, although even this must be 
cut before* it can be used in manufacture; but American cathodes are 
said not infrequently to weigh 125 to 160 lb. each, when they become 
a serious nuisance and occasion many complaints because of the 
great difficulty in handling them. It is stated that reduction in the 
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«ize of cathodes from the United States would popularize American 
copper considerably, while if all American copper were shipped in 
cakes, ingots, or wire bars of reasonable weij^ht, and not in extremely 
heavy cathodes, the objections raised on account of the loss during 
shipment and as to difficulty of handling wn>uld be met. 

It was suggested by one manufacturer that if there were repre- 
sentatives of American copper companies with offices in Birmingham 
who went after the business with great energy, the sales of American 
copper might be further increased, particularly when the demand 
is slack and prices comparatively low. At such a time the service of 
a representative or merchant who is in touch with all manufacturers, 
who knows their recpiirements and the quality and character of 
the copper that they need, would be invaluable and materially 
broaden the sale of the American product. However, there are rep- 
resentatives of the great copper merchants in Birmingham who ap- 
pear to be ready and willing to meet most of the requirements of 
the market. 

It would seem as if there should be a good market in Birmingham 
for copper and brass sheets and electric and telegraph wires of 
American origin if regular supplies were available, provided, of 
course, pains were taken to study the market and ascertain the 
exact kinds, quantities, and sizes that manufacturers of brass and 
copper goods require, the usual terms of sale, and conditions of 
delivery ; but the effort to sell such products by correspondence and 
without the most careful investigation would be futile. Some organi- 
zation such as that by which i^emi-finished steel and iron from the 
United States and Germany are sold in England would be wholly 
desirable. 

At Havre 65 to 75 tons of copper per day is used in manufactures, 
practically all by one customer, La Societe des Trefileries du Havre ; 
the total consumption is between 20,000 and 25,000 tons annually. 
Havre's imports of copper, however, are nearly three times this 
tonnage, having amounted in 1911 to 74,977 tons, consisting of 2569 
tons of ore, 68,370 tons of pigs and sheets, and 4038 tons of scrap 
and filings. The United States supplied 5680 tons of the pigs and 
sheets and 1510 tons of scrap and filings. Havre is the principal 
importing point for American stock and has practically a monopoly 
of the American copper trade w-ith France. It must be understood, 
however, that this tonnage of copper received at Havre from Amer- 
ica has heretofore not been traded in at Havre itself but at London. 
It is to handle the sales directly at Havre, and to save a present ex- 
pense in London commissions, etc., amounting possibly to as much 
as 50c. per ton, that the Havre traders are (endeavoring to create an 
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independent exchange. Local bank conditions are quite adequate 
to such a market, and the hope is to buy direct from America here- 
after, in so far as American importations into Prance are concerned. 
There is very little copper of any character exported from Havre. 
The total in 1911 was only 6634 tons to all countries, 5266 tons of 
which was copper wire manufactured in this city. The trade in 
scrap copper is insignificant. 

The important eh^ment in the development of a direct American 
copper market at Havre will be the establishment of close relations 
])etween American and French shippers, without the intermediary of 
London or other traders. Steamship transportation is fairly ade- 
quate and cheap. British control of the Atlantic carrying trade 
and the necessity of making charters in London may possibly be 
used against the development of a direct market, but the consulate 
believes that American exporters will have no great difficulty on 
that score if they will make the proper connections at Havre. The 
transportation facilities of the port are excellent and are being en- 
larged to conform to the most modern practice. Freight connec- 
tions with the United States are excellent. It is the expectation 
among French engineers that the French consumption of copper will 
continue to advance in fully the ratio shown for the past few years. 
Any artificially increased importations on account of the low prices 
prevailing in 1910 and 1911 will evidently be offset by greater con- 
sumption in manufacturing, the demand in France corresponding, 
as in other countries, to the expansion of industrial enterprises in 
the domestic field, and in the extensive enlargements of electric 
traction, transmission, and other systems which are heavy users. 
It is further to be pointed out that the Havre market is in direct 
touch with all parts of Europe and the United Kingdom, and that 
it already is headquarters for extensive direct dealings in coffee, cot- 
ton, rubber, woods, and other raw materials. 

Russia, from January to May 1911, produced 454,526 poods (pood 
t= 36.112 lb.) of copper, while the production for the same period 
of this year totaled 660,437 poods, an increase of 45.3%. This pro- 
duction for 4 months was distributed as follows: Urals, 350,664 
poods; Caucasus, 198,906 poods; Siberia, 83,300 poods; smelters 
and refineries, 27,567 poods; total, 660,437 poods. It will be seen 
that the highest percentage falls to smelters and refineries, but the 
increased production of the Ural works is of much more substantial 
importance to Russia. Among the concerns of that region the largest 
gain in production is shown in the Kyshtim district, where the 
amount of copper produced rose from 56,675 poods in 1911 to 150,719 
poods in 1912. The Akhtalsky works output advanced from 63,939 
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poods in 1911 to 89,230 poods in 1912. In the Bogoslov district 84,- 
895 poods was produced during 1912, against 83,395 poods in 1911. 
The Spassky works increased its production from 48J67 poods in 
1911 to 75,981 poods in 1912. The Caucasus Copper Co. (see Min- 
ing and Scientific Press, January 27, 1912) increased its output from 
28,786 poods in the first four months of 1911 to 68,362 poods in the 
corresponding months of 1912. 



TEMPERING COPPER AND BRONZE 

(December 28, 1911.) 

The production of bronze alloys in one operation and the harden- 
ing and tempering of copper are perpetual topics of popular dis- 
cussion, so that the statements made by Walter Gowland at a recent 
lecture in London are of interest. Mr. Gowland, besides being a dis- 
tinguished metallurgist and emeritus professor of the Royal School 
of Mines, is also an antiquary of note, as is evidenced by the fact 
that some years ago he was deputed to make the historical exami- 
nation of Stonehenge. His researches into the history of metallurgy 
in all parts of the world are elaborate and learned. In his lecture 
he showed that during the early metal age, and even later, bronze 
was not obtained by melting metallic copper and tin together, but by 
the reduction of oxidized copper ores containing cassiterite, or of 
copper ores to which cassiterite ore was added. It is important that 
this fact should be recorded, seeing that some modern metallurgists 
allege that such a process is impossible, and that whenever tin and 
copper pres are smelted together the tin does not unite with the 
copper but passes into the slag. These allegations were evidently 
not founded on experiment, but on erroneous deductions from the 
methods of smelting in use at the present time. 

In order to determine the possibility of producing bronze, Mr. 
Oowland constructed a simple furnace consisting merely of a hole 
in the ground. In this he treated a mixture of 15 lb. of malachite, 
containing 30% copper, and 10 lb. of cassiterite ore containing 20% 
tin, together with charcoal and limestone. The furnace cavity was 
filled with charcoal, which was also piled above it for 2 or 3 inches. 
When the charcoal was well alight, a layer of the charge was spread 
over its surface, then another layer of charcoal, and so alternately 
until a conical heap was formed. A gentle blast was then started 
through a 1-in. blast-pipe, and when the charge began to settle the 
blast was increased. On the conclusion of the reaction, the slag and 
remaining fuel was removed and the metal allowed to solidify. 
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An analysis of the metal showed 78% copper and 22% tin. A seriefi 
of experiments were undertaken with varying proportions of the 
ore, and iu every case copper-tin alloys were obtained. In the later 
bronze age, the varying qualities of alloys of diflferent composition 
were well known, and the ancient metallurgists were obviously ex- 
perts on the properties of alloys. The second point raised by Mr. 
Gowland referred to the supposed lost art of tempering bronze. In 
the old days the bronze castings for tools and weapons, were ham- 
mered at the cutting edges to produce the right degree of hardness 
and temper. No other method was ever employed, such as heat 
treatment. The same effect can be produced on modem bronzes, by 
hammering, and in fact an even greater hardness can be obtained. 
Thus the notion that the art of tempering bronze has been lost is a 
fallacy. Mr. Gowland might have added that soft copper tools can 
be hardened by heating them in contact with minerals containing 
arsenic or antimony, when a casehardening action is produced 
through the formation of a glass-hard copper-arsenic alloy. Anal- 
yses of some old 'tempered' copper tools have shown them to contain 
nickel and other metals; thus the supposed 'tempered copperas 
really a hard bronze. 



THE MASON VALLEY COPPER SMELTER 

By Thomas T. Read 
(August 31, 1912.) 

That unexpected difficulties are usually met in the operation of 
a new plant, and that alterations are frequently necessary, is well 
known ; so much so, indeed, that recently the correspondent of a 
well known mining journal, in describing one of the new millH 
erected at Porcupine, naively remarked that ample provision had 
been made for changes in the design of the plant. Not all designers 
make this provision, but this smelter, constructed to treat ores not 
previously successfully smelted, and which within six months of the 
time of its blowing in is successfully handling double the expected 
tonnage, with no delays or shut-downs and only minor changes in 
the design, is correspondingly unusual. The plant was designed hy 
and erected under the supervision of Jules Labarthe, now its gen- 
eral manager. A. J. McXab is superintendent. To both these 
gentlemen 1 wish to express my appreciation of the courtesies ex- 
tended me during a recent brief visit to the plant. 

The Mason Valley smelter, owned and operated by the Mason 
Valley Mines Co.. is at Thompson, Nevada, about two miles north- 
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pier, which cuts out 1/5 ; this goes to a set of 14 by 30-in. rolls, then 
to a fourth sampler, which cuts out 1/10; then to a set of 14 by 30- 
in. rolls for final crushing. A 50-Ib. sample is thus ohtained from a 
7 of ore. The reject from the second, third, and fourth samples 




inite at a small bucket elevator and is raised to the main distribut- 
ing belt, which deposits it in the ore-bins. The sampler has a eapa- 
Bity of 150 tons per hour. 
~' fiijJiintj the Cliayif. — The clmrein^ bins for ore and coke are 20 
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Howe weighing-hopper scales. The ore from the bedding bins will 
be drawn out upon a belt beneath them and delivered to the main 
elevator in the sampling mill, then discharged to a belt-conveyor 
and thence to charge-bins. Weighing the charge will thus be some- 
what simplified, duplication of the equipment of weighing hoppers 
will be avoided, and an accurate sample of the bedded mixture will 
l)e obtained. The cai)acity of the sampler is amply large to per- 
form this added duty. As shown in the plan, the bins and furnaces 
are connected by an eiiii)tical track, and the charge is draw^n from 
the hoppers into two-ton cars, of which six or seven, making up a 
train, are drawn by a four- ton Jeffrey MB-24 electric locomotive. 
These are shown in place l)eneath the hoppers in the accompanying 
illustration. 

Jilast-Fitrnaccs. — There are two blast-furnaces, 42 in. by 25 ft. a"^ 
the bottom, and 47 in. w^ide at the tuyeres. From the tuyeres to tVx« 
charge-floor level is 15 ft., but. the charge is kept 3 ft. below thi.*^ 
making the height of the smelting column 12 ft. The tuyeres »-^^ 
4 in. diam., 25 on each side. The blast is admitted at 42-oz. pressu ^^^ 
and is furnished by two No. 11 Connelsville blowers. Each blo>^^^^ 
is driven ])y two 200-hp. A. C. motors, and is capable of furnisfii^*' 
30,000 cu. ft. of free air per minute. Only one furnace is now ^^ 
use; this furnace during the month of May smelted an avera«re ^^ 
720 tons of ore and 80 tons of seconds and limestone per day. T-»^^ 
corresponds to a smelting rate of 12 lb. per square foot per niiiii» ^^' 
considering the hearth area as the area at the tuyere level. I^^- 
meniberinj; that this is attained by the use of 9 to 10% of coke on 
the charjre. the smelting rate here attained is the fastest of whi^^^ 
I have any knowledge. High smelting speed has been attained i^^ 
pyrite smelting. l)ut in that ease the bulky coke is not present to 
displace a much greater weight of smelting mixture. For a I*^^*' 
sulphur, high-coke charge this must be either a record smelting rntc- 
or very close to it, but I shall be glad to be corrected if I ani in 
error in making this assumption. The rapid rate of smelting makes 
necessary the use of an increased amount of jacket-water, as ini?ht 
be expected. 

Chnnjinfj the Furnace. — The furnace is charged directly from the 
<*ars. Adjustable feed platt»s, as shown in Fig. 77, are provided, 
the angle of their inclination being capable of adjustment within 
the rauirt' 30 to i\{)\ By a little experiment the proper degree of 
inrlination was found so that coke automatically falls in the posi- 
tion which irives the maximum smelting rate. After this was ob- 
tained it was ffMind that the necessity for barring dowTi crusts and 
I nne^Mug tuyeres had almost totally disappeared. This, of course. 
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contributes to the rapid snn.'ltinj{ rate of the fiiriijieo. The opfration 
of dropping a charge is quick and simple. A charge train usually 
consists of two ears of coke and four or five ears of ore. The fur- 
nace feeder draws up the eharge doors as the train approaches, and 
as each car of coke is dumped the motor draws it slowly the length 
of the furnace to distribute its contents evenly. Oue car of ore is 
next dumped, and the other cars are then in position so that they 
may be at once dumped into the furnace. The operation of charging 
takes but ] ',^ to 1% minutes, and a round trip, loading and dump- 
ing the charge train takes but five to eight minutes. The smelting 
charge contains about i% copper and Gfc sulphur, ('okc forms 9 
to 10% of the smelting mixture. 
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Fig. T7. Anji-f 



Ilandlini} Slag, — -The slag runs continuously through a tapi)ing 
jacket of cast iron with pipe coil east in. Thi' s[iout is jacketed, the 
inner sheet being sheet copper. It is customary in many places to 
^last the spout from blister, but as only matte is made at this plant, 
sheet copper was employed and gives good satisfaction. The slag 
and matte go to two 5 by I'i-ft. movable settlers. These were em- 
ployed, as it was feared that trouble would be experienced from the 
formation of sows. The expected trouble did not materialize, and 
it is now planned to replace these by a stationary 8 by 18-ft. settler. 
The slag flows from the second settler into a '225 eu. ft. (21 ton) 
capacity steel slag pot, hauled by a 15-ton electric locomotive. In 
changing the pots a small pot pivoted on a jib-crane is swung under 
the slag spout while the full pot is being pushed out. and the empty 
one drawn into its place. The contents of the small pot are then 
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emptied into the large one. The slag pot is pushed to the dump- 
and dumped by electric motor controlled by the motorman in cab oi 
the locomotive ; the skulls being suflBciently free of matte so that ^^ 
attempt is made to remelt them. The motorman of the slag car e\^^ 

• 

performs a similar service on the locomotive which draws the tr»^ 
of matte-cars, and operates the crane, without being overtaxed. iriae 
track on tho dump is shifted from time to time, as required, h-^y ^ 
gang of surface laborers, and the only persons regularly emplo^^ed 
in dealing with the slag are the tapper and the motorman, the lafci::r.ter 
giving only a part of his time to it. The average composition. of 
slag is : 

SiO^ FeO CaO Al^Og MgO Cu 
42 26.8 22 7.3 1 0.38% 



Handling Matte. — About 50 tons of 45% matte is made in a c ^ay, 
and it is necessary with the present settlers to tap at intervals o:^M V2 
to % Hour. The second settler is only tapped once each shift, yi_ -eld- 
ing a few hundred pounds of matte. The method of handling th -is is 
the only instance in which any important change has been mad -^ in 
the original design of the plant. Three Kilker matte-cars, opera ^•in^ 
on a circular track were placed in the plant. The particular ^cars 
employed proved too small for this situation and are not now i*^ jsed. 
The method now employed is similar to that formerly used at the 
United States plant at Bingham Junction, Utah, except that the 
wire rope there employed for moving the train of matte-cars i^ re- 
placed by a 4- ton electric locomotive. The matte molds are car" Jfied 
on light steel cars ; the molds are of cast steel and have shown no 
sign of cracking. Each mold holds about 100 lb. of matte ; and re- 
sembles a waffle-iron in pattern. The train will accommodate ^0 
molds; about 40 are in use. When the matte is tapped these are 
drawn back and forth l)el()w the matte-spout until all are completely 
filled. The operation of tapping takes 7 to 8 minutes. Then the 
cakes of matte are allowed to cool down to the point where it is safe 
to play a hose upon them, and are dumped into an ordinary 5-ton 
matte-pot, placed below the track. The cake in falling breaks up 
into eighty roughly cubical pieces weighing 12^/2 lb. each. The pot is 
dumped into a 50-ton railroad car, for shipment to the Garfield 
smelter. This handling is done by an ordinary 20-ton crane, with a 
5-ton auxiliary. A certain amount of matte unavoidably spatters 
about ; as this is cleaned up it is loaded into small dump cars which 
are hoisted by the crane to the charging floor. The building en- 
closing the blast-furnaces has been made large enough to contain 
converters, which will be erected when the daily output of matte 
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'eaches a tonnage large enough to permit reasonably continuous 
operation of a converter. The crane has been provided for this 
mrpose, so the only construction necessary will be the addition of 
itands, shells, and blowing engine. 

Flues and Flue-Dust, — The downcomers from the blast-furnace en- 
er the brick expansion chamber, which has a cross-sectional area of 
►00 sq. ft., and is 200 ft. long. The flue beyond this point is 18 by 
.0 ft. and ascends the hill-side to the base of the stack at a point 
W) ft. above the furnace level. The stack is 200 ft. high, 18 ft. 
liam. at the base, and 15 ft. at the top. On the side of the expansion 
!hamber next the furnaces automatic discharge gates for the flue- 
lust are provided which permit it to escape to an automatic dust- 
onveyor that conveys the dust to the Dwight-Lloyd sintering ma- 
hine. This is so placed that dust can be drawn by the conveyor 
rom 50 ft. of the flue as well. It was planned to mix the flue-dust 
nth fine raw sulphides before sintering, but delivery of the machine 
jras delayed and the blast-furnace had been in operation for three 
Qonths before the sintering machine was started. The flue-dust 
lad thus accumulated to a point where it was necessary to handle 
t as rapidly as possible. The attempt was therefore made to sinter 
he dust without the admixture of any raw sulphides, and after a 
ittle experiment success was attained. The necessary heat is sup- 
died by mixing with the dust Y> to 2% of coke-dust, prepared by 
:rinding coke breeze in a clay-mill. Sufficient water is added to 
:ive a mixture containing 8% moisture, and since the aim is to se- 
ure the maximum sintering with the minimum of desulphurization 
he machine is run rapidly, treating 60 tons per day. The speed of 
ravel of the pallets varies from 1 to 5 ft. per minute. Some trouble 
las been experienced from the tendency of the cast iron grates to 
rack, and it is planned to use malleable iron for the grates of the 
econd unit, now under construction. The work of this sintering 
aachine is of great interest, since it is the first instance of its use 
o treat flue-dust, unmixed with raw sulphides. 

Fuel, — The coke used in the blast-furnaces is that of the Utah 
'\iel Co. The coke has 7% ash, and is somewhat stringy, but is a 
rood burden carrier, and as it has to stand but little handling, it 
rrives at the smelter in good condition and works well. There is 
10 steam plant at the smelter, all machinery being motor-driven, so 
here is no occasion for the use of fuel other than coke, beyond a 
mall amount of coal in the blacksmith shop. 

Water Supply. — There are two sources of water supply. Near the 
ragon-road between Wabuska and the smelter, a hot spring was 
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first developed. This yields 40 gal. per minute at a temperature o^ 
170°F. ; the water is excellent and it was formerly cooled and us^^ 
for domestic purposes. Later a well was put down at a point so\^^ 
of the smelter, about half way between it and the line of the Sov:*^'^' 
ern Pacific, and 90 ft. below the smelting level. This is a flow" ^^^^ 
well, 600 ft. deep, yielding 120 gal. per minute; another adjac^ ^^^ 
well yields 30 gal. per minute more, so an ample supply is availa"^^^^- 
The jacket water is cooled in a cooling-tower just below the gen^^^ral 
offices, to avoid the necessity of the 90-ft. lift on water that can be 
re-used. 

Power Supphj. — Electric power for the operation of the plan^^ is 
purchased from the Truckee River General Electric Co. The curr -ent 
mainly comes from the new plant at Verdi, but there is another 1 ine 
connecting through Mason with the older line, so that the smeL ter 
has two independent supply-lines, and can draw current from ^m^ny 
one of four power plants. Current is received at 60,000 volts, f^.ncl 
is transformed to 440 or 220 volts for the A. C. motors. The c^ost 
of electric power is $70 per horse-power year. 

Ore Suppli/. — The ore supply of the plant is rapidly increasing^ ^^ 
the low treatment rates accorded have served to stimulate a numT:>^r 
of small shippers who are largely engaged in development wo^»^^? 
while both the Nevada-Douglas and Mason Valley mines are p> ^■^^" 
pared to increase their shipments. It is especially desirable to ^^' 
crease the tonnage of Mason Valley ore treated, as it is slight- ^A^' 
basic, and if used in sufficient amounts the necessity for limest <i>rie 
flux is removed. Accordingly the No. 2 furnace, which has not y^^ 
been blown in, is being increased to 30 ft. in length ; when it is re.^^J>' 
to operate the No. 1 furnace will be blown out and increased tern '^^ 
ft. in length. 

It is a pleasure to a smelterman to watch a furnace operat(^ so 
smoothly as this one does, without constant necessity for bam i''^ 
down crusts. This is partly due to the good smelting mixture, f^^r- 
haps partly due to that more or less fortuitous harmony of p^J'ts 
which makes one 6-cylinder motor car a much better hill-clim^^'r 
than another of identical pattern and make, but is largely due to its 
excellent design and management. 




THE ASHIO COPPER SMELTER AND REFINERY 

«y Thomas T. Rkad 
lOctober U. 1911.) 

hf Afihio luiui', one of the principal objective poiLta of the Japa- 
•it^se exeiirsioii of the AmerieaQ Institute of Mining Engineers, is of 
m-cat inten'st. because it ia the most productive copper mine in 
■Tiipaii, though closely pressed for the leading position by the Besshi 
mine and the Kosaka mine. The oiitpiifs of the llirw for liUO an- 




^Sivi'n ii8 ll,843.40t!, llj:J2,;?Tl. juii! lO.^fiO/illl /.■/».= respcetively. It 
•« the largest of some fifteen copper mines nwned by the Funikawa 
Company, the Osaruzawa. the Piiroknra, and the Kiine being the most 
important of the others. The company also owns three silver inines 
*in(l seven coal mines, and occupies the dominant position in copper 
mining in Japan, which is the third most important cop^ier producing 
^'onntry of the world. The mine, which is therefore of great relative 
importance, has further interest in the fact that it is practically 
privately owned. It was discovered in 1608, but its active develop- 
ment dates from 1877 when Mr. Ichibei Furukawa acquired it and 
worked it so siiceessfully that he gradually acquired nearly all the 

'Those portions of the original article which are dcHcripiive of the mine 
have here been omitted. 

•I fdti equals 1% lb.; I huMin equals 8'4 lb.; 1 ven equals 49.Sc. gold; 1 sen 
moala V,ji ven; l ilMho equals 11.93 inches. 
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I the reoiaioing distaiit^e to the iiiiue. The mouDtaiD is com- 
r' encircled b.v a tramway amce Kotaki aud lionzan are cou- 
rted by a tunnel passing thritiitrh what are now the upper work- 
I of the mine. Sep p. 375 for map of Ashio, 

e ore as mined contains from 1.5 to 9'^. i-opper, averaging abont 
; this In concentrated to atioiil 12% eoppor. The mine ore is 
'tapvA on ;i]i 8(l-iiiiri. t.'r-i>'.:^l.v, llh- oviTsi/i> lifitii; sorted into rieh 
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f wftste, and low-grade ore, whieh is spalled to pass the grizzly. 

B undersize goes to bins, whence it is drawn upon a eonveyor-belt 
,V&paneBc cotton. This does not last long, but is enough cheaper 
Ittompensate for the shorter life. This delivers to a belt-conveyor 
j^b feeds a set of tromraels, 40, 25, 17, 11, 7, 5. and 3 mm., 

>ectively. The 40-mm. stuff is sorted by women into rich ore, 
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poor ore, and waste. The rieh ore is sent to the other dressing _^^^ 
works, the poor ore is recriished, first in jaw-crushers and then in I ^^ 
rolls. The different sizes of finer material are jigged in 3-sieve jigs, | ,.^ 
the coarse middling being recriished. The finest material is classi- 
fied and treated on Overstrom and Wilfiey tables; Cammett tables 
and Evans slime tables are employed at the other mills. The most 
notable feature of the milling practice, like the mining, is the low 
cost at which an involved series of operations, requiring much labor 
and personal attention, are carried on. The volume previously re- 
ferred to states that the power used by the three mills is derived 
from eight motors, yielding a total of 318 hp., and two Pelton water-- 
wheels. As this corresponds to little more than 0.6 hp. per tor^- 
day it is remarkable, if true. 

It would be interesting to trace the development of the preseit^^ 
smelting plant from the yama-shita and mabtiJci first employ*^ "^^^ 
especially as the latter presents a curious analogy wtih the pi"^* 
duction of blister copper in a converter, but considerations of spB. ^^*^ 
forbid. I'ntil recently the fine ore was roasted in McDougall f^^ ^' 
naces and many ingenious methods were tried for agglomerati^ ^=' 
the calcine, the most notable being a device of the superintend^^* 
wherebv a shell was cast around each bucketful of calcine in ^*^ 
elevator. Blast-furnaces have always beenaised for smelting, ^'^^ 
converters for bessemerizing the matte were adopted in 1893, t.^^^ 
year after Manhes' American patents were issued. Since then ^ 
the types of converter except the Stalmann have been tried, and tli^^- 
are now using three 3-ton converters of the Great Falls type a^^^ 
two o-ton stands of the Bisbee type. Liparite, mixed with clay^ \^ 
used as a converter lining and as it probably has some such compo^^' 
tion as 70 to 75% SiO. and 10 to 12% ALO,, it gives a sticky sla^- 
I did not learn whether this was employed because of the lack ^* 
pure silicious material, or because the low cost of labor for relini^'r 
made it advisable to employ what is practicalh' low-grade ore f^^ 
converter lining. The composition of the matte for the day pi^' 
ceeding my visit was: 

Cu 33.5 

S 25.0 

Fe 36.6 

Pb • \M 

Zn 1.20 

As 0.72 

Ag 0.03 

No effort is made to save the lead and zinc. 
T^ '^rage product to be smelted has approximately this compo- 
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b: Cu. 127(.; Fe, 28%; S. 25%; SiO,, 32%. The small prupoi-- 
«f lump ore goes directly to the blast-furnace. The fine is pot- 
, aeeording to a system devised bv the resident en^neer, in 
nl pots 8 ft. diam. at the top and 5 ft. at thn false bntloin. giving 
toth of charge of 4',^ ft. Nothing is added as a binder, the rate 
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Bdation being eontrotled so that the sidphides sinter to jitst tb« 
Bred degree during the roast. Each pot holds 7 tons and burns 
^., the combnation being started by tjie use of a small amoimt 
gial and wood. The blast is furnished by No. fi Root blowers, 
toperatifln of these pots seems to be entirely satisfactory, 
■etric elevators lift the charge to the eharging-floor. The 
tere proportions are: ore, 10 parts; liinesone. 3 parts; converter 
t 2 parts. Smelting is done in 160 by 42-in. Alli8-('hslmers 
6r-jacketed Uiiilting-funmces at the rale of about 2 Ions ]ier 
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square foot of hearth per day, only a little over G% coke being useJ, 
and a blast pressure of 22 oz. employed. The slag approximates 
40% SiOj. 30% FeO, 121/2% CaO, and ly^Jo Ai,0,. and carries 
0.21% copper. It is necessary to convey it some distance np the 
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valley where there is space to dump it. I am told that it u 
granulated in water as its flows from the forehearth. The hi**'' 
furnace gases pass through dust chambers to the main flue, whi^n' 
as seen iu the illustration, contains a series of chambers in wh^'' 
a rain of limewater is kept falling, much in the manner of a sernt*- 
ber, the resulting sludge being thrown away. In spite of the O"^ 
till' csciipLiifr gases still do damage, hecaiiae of the high SO; 
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content, the dampness of the climate, and the narrowness of the 
valleys. Fortunately there is but little nearby agriculture and the 
damage claims are correspondingly small. The combination of smel- 
ter fume and the demand for timber and fuel has resulted in de- 
nuding the hills, and the latticework by which erosion is prevented 
can be seen in the background of the illustration. This, and the 
necessity for impounding the tailing from the ore dressing, and 
the neutralizing of the acid waters from the mine before allowing 
them to escape into the river, are a not inconsiderable addition to 
the cost of copper production, but a scrupulous performance of 
these duties is exacted by the Government in order to secure per- 
mission to continue working. 

Over 7000 workmen are employed at the mine, about 3000 being 
employed underground. The electric power for the mine, mills, 
and smelter has been obtained from 10 power-stations on the Wata- 
rose and Daiya rivers, the turbines having a total of some 5000 hp. 
The expansion of the work calls for increased power, and the prin- 
cipal station^ at Hosoo, has recently been doubled in capacity. The 
headgate of the penstock for this plant is shown in the illus- 
tration. The most improved types of direct-connected generators 
are employed at this plant, a visit to which is one of the principal 
features of the trip from Nikko to Ashio. The power is transmitted 
by high-tension lines to the points desired. As previously men- 
tioned, supplies are brought in from Nikko and the blister copper 
is sent out by a wire-rope tramway from Hosoo. In addition to 
this there are several other aerial tramways, one of the most im- 
portant connecting the mines with the forest reservations from 
which the supply of timber is derived. The mountain in which the 
mine is situated is girdled by surface tramway tracks, of which 
there are many miles. 

The electrolytic refinery is at Kiyotaki, but a short distance \\\y 
the Daiya river from Nikko (see Fig. 70). Here is refined not only 
the blister copper from Ashio, but from the other mines of the 
Furukawa company as well. The refinery has its own hydro-electric 
power-plants with 195 shal'o fall. The ingots from the mines are 
remelted in a reverberatory furnace, brought to proper pitch, and 
cast into plates, which are rolled into anode sheets and cut to the 
proper length. The general features of the plant are seen in the 
accompanying illustration. Three vats in series, each containing 
40 plates, are placed en cascade, the electrolyte, after passing out 
of the lowest vat, is filtered through coke and pumped back to the 
uppermost tank. The volume previously referred to gives 234 as 
the total number of vats, but my own notes give double the number. 
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Till- I'k'L-lroik-s are in series, the copper being lUssolvod from iin' side 
anfJ plated on the other. When the operation is finished the 
electrodes are remo%'ed. serubhed, melted down in n reverheratory 
rnrniice, brought to tough pitch, and cast int« wire bars, eakes, and 
ingots. The making of copper wire is an important feature of the 
work, and is carried on with a high degree of skill. A Bates and 




Tank-boom, Kiyotaki REnsEBY. 



Peard annealing furnace Is employed. The finished iimduet (enjoys 
a high reputation in Japan, and the Furukawa trademark is widely 
known. The gold and silver slimes are cupelled in nn English 
cupelling furnace. A great deal of work has been done on the prob- 
lem of recovering the small amount of lead present in the blister, 
but I understand that no commercial results have yet been ob- 
tained in the experimeuts. 

The blister copper has a high tenor, the composition before re- 
fining being given as 99.7%. The yearly production of the works 
is stated at 5000 tons of copper wire, 2000 tons of copper in^ts, and 
iJOO.OOO oz. of refined silver and gold. The latter metals, of cotirse, 
are ehieHy derived from the bullion of other mines owned by the 
company. In concluding this description a brief reference should 
be made lo the Kune mine in Totomi province, where there are 
enormous bodies of pyrite nssneiated with chalcopyrite. UnfortO- 
nately the mine is distant from transportation facilities, nor will 
the Oovemment permit the erection of a smelter, so that its de- 
velopment has been hindered. 



ftl^.OKNT rOPPKn SMl^LTTNO 40.*i 



IMPROVEMENTS AT ASHIO 

By H. FosTKR Bain 
(August 24, 1912.) 

Among the mines visited by the American engineers who traveled 
through Japan last year was the Ashio, the leading copper po'oducer 
of the Empire. This mine has already been described in the Miniufj 
and Scientific Press (October 14, 1911) by Thomas T. Read. I pro- 
pose merely to present here supplementary data* gathered at the 
time of my visit or supplied since through the courtesy of th(» 
engineers of the Furukawa Mining Co., the owning corporation. 

An interesting peculiarity of practice in the Ashio mines is that 
of neutralizing, as w^ell as settling, the waste water. This process, 
which has in view the protection from damage of crops grown in the 
valley below the works, has now been so perfected as to result in 
saving enough copper to pay for the extra w^ork. Details of the 
process have been published in the TransaHions of the American 
Institute of Mining Engineers (February 1912), by J. W. Richards, 
and need not be repeated. Briefly, the sand and slime are settled as^ 
perfectly as possible in a first pool, metallic hydrates are carried 
down in a second and third, in a fourth by means of 10 to 20% milk 
of lime the neutralization and precipitation is advanced, and in a 
fifth it is completed. Finally in a sixth pool the water is run 
through a sand-filter before being sent back to the mill or allowed 
to escape. The water as it comes from the mills carries 0.00025% 
copper. 

In the smelting and refining plants, as well as in the concentrating 
mills, there are many novel and interesting things to see. The ore 
is smelted in blast-furnaces with pot-roasting of the fine material and 
with the usual bessemer converters. Prior to the introduction of 
pot-roasting, which has become the common practice in copper smelt- 
ing in Japan, the Furukawa engineers worked out a numl>er of in- 
genious methods of handling the fine ore. Mr. Read has already 
mentioned the plan of making the ore into a ball and easting around 
it a thin shell of matte. On the whole, however, probably the most 
successful device is the briquetting machine invented by Sabro 
Watanabe, but four years out of school at Tokyo, and now an ad- 
vanced student in Germany. Discarding the ordinary plunger and 
roll types of machines, he adapted the gravity stamp to the work. 
The moistened oil is fed to a horizontal revolving plate which carries 



^Only those portions of the original article which refer to smelting practice 
are here reproduced. 
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it successively below six stamps each weighing 120 lb. and dropping 
10 in. The plate moves IV2 revolutions per minute and stops eight 
times in each revolution ; once to permit filling the hole in the plate 
which constitutes the mold, six times under successive stamps to 
receive one blow from each, and once for a plunger to clear the mold. 
The briquettes are 4 in. diameter, cylindrical, and 4 in. high. The 
machine requires but one man and 2 hp. It prepares 35 toDS of 
briquettes in 24 hr., and the cost is 30c. per ton. 

Another interesting little trick in practice is a plan for promoting 
smooth running of the blast-furnaces by feeding coal, when needed, 
through the tuyeres. This was devised, with the assistance of T. 
Watanabe, by Eosahu Asano, now head of the smelting department 
and a graduate of the Massachusetts Institute of Technology. The 
device has been described with drawings in Metallurgical and Chemicd 
Engineering, by J. W. Richards. It consists in placing in each 
tuyere double flap valves that can be opened at will, and using a 
cylinder of 4 in. diameter and 12 in. long with a movable piston 
to force coal, first placed in the cylinder, through the tuyere and 
into the furnace. By this means a source of heat and reducing 
. gases may be placed at will at any critical point. In practical opera- 
tion fuel equal to about 3% by weight of the ore is thus introduced 
into the furnaces. 

One of the most interesting features of smelting at Ashio is the 
neutralization of the furnace fumes. As the average amount of 
sulphur in the ore as it goes to the roasting plant amounts to 25fc, 
and the smelter is in a narrow valley in the midst of a rich farming 
country while the climate is exceptionally moist, it is extremely im- 
portant to prevent damage from escaping SO3 and SOj in the 
fiimo. The plan in operation was devised by K. Asano, and while 
not entirely successful, is susceptible by careful work of greatly 
reducing the danger of damage. The smelting plant includes three 
blast-furnaces, each 160 by 42 in. at the tuyeres, and 11 roasting 
f)ots. The gases from both roasting and smelting plants, after pass- 
ing through a dust-chamber, are conducted through a chimney slop- 
ing up the side of the niountain and broken at four places by vertical 
steps 40 ft. high. These are 12 by 12 ft. in cross-section, and at the 
top of each is an iron plate containing 200 1-cm. holes through which 
rains down a solution of lime water. This reacts on the SO, and 
to some extent on the SOo, probably forming sulphites. It requires 
40 cu. ft. of water per minute and 300 lb. of burned lime per hour, 
to neutralize the gases, and they are reduced to a content of 0.5^ 
SOj. These purifying chambers are placed well up the hill so as 
to all of the gases as far as possible. No fan is used, but 
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one will probably need to be added when, as is planned, additional 
washing chambers are built. Last fall when the plant was visited 
the gas coming from the chimney was nearly colorless, only a slight 
yellowish tinge, perhaps from sulphide of arsenic, being seen. Fur- 
ther progress with this interesting process will be watched with 
interest, but enough has perhaps been said to illustrate the fact that 
Japanese mines are not only hives of industry, but also of invention, 
and are well worthy of careful study by mining engineers and 
metallurgists. 



THE SHISAKA SMELTER 

By H. Foster Bain 
(September 21, 1912.) 



Among the great copper mines of the Far East is the Besshi, which 
is on Shikoku island in southern Japan. Travelers to and from the 
Orient pass within a few miles of the property as they go from Moji 
to Kobe through the wonderfully beautiful Inland sea. The mine 
is the property of the Sumitomo family by right of discovery and 
has been in their possession for more than 200 years. It was found 
in 1690 and, after being successfully worked by native methods 
through the intervening years, was opened according to modern 
plans in 1874 under the advice of a French engineer. It is credited 
with a total production of 475,250,000 lb. of copper to the close of 
1910, and in 1911 yielded 15,145,070 lb., ranking thereby second only 
to the Ashio among Japanese copper mines. The mine has long 
been wholly under Japanese direction, and the family owning it is 
one of the most progressive in the Far East. Baron Kichizayemon 
Sumitomo, the present head, is a younger brother of Prince Tokudaiji 
and Marquis Sainoji, having been adopted into the family in 1892 at 
the age of 28. He resigned from the House of Peers in order to de- 
vote himself entirely to the business affairs of the family. Aside 
from the Besshi mine, the holdings include the smelter at Shisaka- 
jima, the Tadakuma colliery in Chikuzen, the Sumitomo Electric 
Wire & Cable Works, and the Japan Steel Mfg. Co. works at Osaka. 
On the occasion of the visit of the American engineers to Japan dur- 
ing 1911 the party enjoyed the hospitality of Baron Sumitomo at his 
viUa near Osaka, and visited the smelting works at Shisakajima. 
Lack of time prevented a visit to the mine and rolling mills. The 
following description, therefore, so far as it relates to the mine, is 
based principally upon published data, generously supplemented 
by information given by Keijiro Nakamura, superintendent of the 
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smelting works and an accomplished engineer familiar with the best 
mining practice both in America and Japan. 

The ore from the mine is loaded on barges which are made into 
trains and hauled by tugs about ten miles to Shisakajima (Shisaka 
island), to which in IIHU the smelting works were removed in an 
effort to avoid danger from smelter fume. At the smelter about 
GOO tons of ore per day is handled, containing 30«to 33% S. With 
this is used 7% of gneiss as flux, and 4 to 5% coke. 

The tine ore was formerly briquetted. but Mr. Nakamura has de- 
veloped an alternative process which is now used. Noticing that 
some of the tine ore which had become wet while being transported, 
showed a tendency to *ball up.' he experimented by allowing the 
t>re mixed with varying amounts of moisture to roll down a slope. 
This led tinallv to the device shown in Fig. 87. It consists esst»n- 
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tially of a conical wooden cylinder revolving on a horizontal axis. It 
is 8 ft. long, o ft. in diameter at the upper end ami 5 ft. at the 
lower. Into the upper end is fed a mixture consisting of tine ore, 
100 parts: tiue-dust. 20; silicious tiux. 40 to 50: water, 6 to l^c. 
The exact amount of water necessary was determined by experi- 
ment and sei?ms to be important. The mixture as it rolls down to 
the delivery end agglomerates: the individual balls being half to 
three-quarters of an inch in diameter. The effect of the water 
seems to be purt»ly mechanical, but it forms a bond sufficient to 
hold the mass together and pvrmit successful pot-roasting, which 
is eonduoteii in the pot shown in cr^vss- sect ion in Fig. 88. It also 
ituves about 30* v in the time necessary to conduct the operation. 
The |H>t$ us(h1 are essentially circular grates with shallow sides, 
made of steel and are set over firebrick-lined pits into 
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wliicli a blast is directed from a Root blower. They are covered 
by a heavy sheet iron hood luted at the sides with sand. In the 
top of the hood is a conical-bottom trap-door, similar to the top 
of an iron blast-furnace, through which additional material may 
be introduced during the roasting process. Below the trap are 
baffle-plates to scatter the charge. At the sides of the pit, above 
the grate, are outlets for the air and gases. 




Flii. K8. Nak. 



Roasting Pot. 



The fine ore which is roasted in this devicf funtnins nbout 2V-;% 
Cii and 30% S. With it is mixed, as noted, the gneiss used for 
Hux, and the Hue-dust, which contains about 2% €u and 10% S. 
The first material placed upon the prate is burning pyrite, which is 
spread about 1'/^ in. deep. Over this is placed a layer of hot dust 
from the pot last dumped, and then three tons of the fine-ore 
agglomerate. The pot is then covered, and the blast (about 40 mm. 
pressure) turned on. At intervals during the next four hours three 
additional charges of three tons each ()f ore are fed into the pot. 
In all, about 12^3 tons is roasted in four hours. On completion of 
the roaat the cover is lifted and the pot raised and turned, dump, 
ing the charge npon iron domes so as to break the sintered mass 
into convenient pieces for handling. 
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The roasted fine ore, with lump ore and coke, are fed to the first 
blast-fumace. This produces a matte containing 20% copper and 
a slag with 0.2% copper. The matte is smelted a second time, 
bringing it up to 30 or 35% copper and making a second slag 
assaying 0.3%. This matte is roasted in stalls and then smelted in 
a cupola furnace, bringing it up to 60 or 65% Cu. The slag from 
this furnace, assaying 0.8% Cu, is sent back to the first blast- 
furnace. The white metal is delivered to a reverberatory furnace, 
where a strong air-blast is blown over the top while a slag is rabbled 
off which is returned to the cupola. The product from this rever- 
beratory is 98 to 99% copper. It is cooled in the air, no fresh water 
•being available on the island, and finally melted, and poled in a 
refining furnace, from which it is cast into ingots. In all about 
7000 metric tons per year is produced. Of this, about one-fourth 
is made into sheets and wire at the Sumitomo works at Osaka. The 
remainder is shipped in the form of ingots to Hamburg and London. 

As in most Japanese copper mines, great pains are taken to 
purify the mine-water before running it to waste, and particularly 
to precipitate all copper. There are two cementation plants, and 
both scrap iron and coke are used to throw down the copper. About 
180 tons of cement copper is saved per year. The precipitation 
plant is thus described in a report by the Bureau of Mines: 

**The mine water from the third adit is sent to 90 wooden boxes, 
each 8 ft. in length, 3 ft. wide, and 1 ft. deep, which contain scrap 
iron ; the slope being at the rate of 1 in 5.5. The average production 
of the precipitate is 35 tons per month which contains 50% Cu. 
The water which has passed through these boxes is conducted by 
launder to another plant about 1900 ft. below which is made up 
of 152 boxes each 12 ft. in length, 8 ft. in width, and 4 ft. 6 in. 
deep, sloping at 1 to 44. These boxes are arranged in four series, 
in each of which the water flows up and down. In this case scrap 
iron and coke are used as precipitants, consumption of the former 
being 23% of the precipitate produced. The precipitate taken is 
on the average 50 tons a month which contains 8% copper. The 
coke, in which the precipitate is absorbed, is produced to an amount 
of 200 tons per month which has 1% copper. All these products 
are sent to the smelting works at Shisakajima." 

The cement copper from inside the mine, where boxes are placed 
at convenient points, averages 80% Cu; that from the outside 
boxes is of lower grade, owing to the presence of dust and iron 
oxide. From the precipitation plant the water is conducted by 
flume 9^^ miles to the sea, so that there may be no possible chance 
of injury to crops growing below the mine. 
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The Shisaka works are well and substantially built. Thev- in- 
elude coke-ovens from whieh the waste heat is utilized in boilers, 
and all modem devices and conveniences. The company provitles 
homes, schools, and hospitals for its 4800 employees and brinjjs 
fresh drinking water from the mainland. Wages are equivalent lo 
40 or 50c. per day, but it is to be remembered that houses, including 
water and baths, are rented to employees at a rate of 7Vl»c. per 
month, and that rice, wood, and other supplies are sold at fixed 
rates less than their cost. With free medical and hospital service, 
here as at other works in Japan, mere statements of w^ages do not 
measure costs to the company or benefits to the men. The people 
look prosperous and happy. They were evidently well fed and 
cared for, and the company is known to be making an excellent 
profit. The American engineers steamed away from the hospitabl<* 
harbor to the accompaniment of salutes and daylight fireworks, 
with the comfortable feeling of having seen good work well eon- 
ducted. 



THE CERRO DE PASCO SMELTING PLANT 

By Spenceb Bishop 
(January 24, 1914.) 

The smelter of the Cerro de Pasco company is situated at La 
Fundieion, Peru, a town having an elevation of 14,000 ft. Because 
of the altitude, the Company has a great many difficulties to fight 
against which are not seen or thought of by those who have not been 
there. There is snow, hail, or rain almost «very day of the year. The 
average temperature is 44°F. The great majority of people goinir 
to that altitude are afflicted with soroche (mountain sickness), and 
the few who escape it have a great deal to be thankful for. The sick- 
ness is like a severe ease of sea-sikness accompanied by sharp pains 
at the base of the brain and in the chest, lasting from two days to 
two weeks. The attack may occur each time one goes from a low to 
a high altitude. The fear of pneumonia is always present, as in any 
high altitude, but nature favors mankind, for germ diseases are not 
contracted as easily as in lower altitudes. 

Callao is the port of entry, and also the terminus of the Peruvian 
Central railroad. Eight miles inland is Lima, the largest city in 
Peru. From here the ascent of the mountains commences. I^eaving 
Lima at 7 a. m.. the very gradual climb is begun. For an hour the 
roadbed is on one side of a valley whieh soon contracts to a ravine, 
just wide enough for the Kimae river and the roadbed. Now an<l 
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a^ain it widens so that small towns can find room for their mud 
huts. At 3 p. m.. after winding up the narrow and deep canon for 
98 miles, Tielio is reached, which is the highest station on the road, 
being 15,665 ft. above sea-tevel, A few hundred feet beyond Ihe sta- 
tion the last tunnel is entered, where the elevation is 50 ft. higher 
than at Tielio. Half way through the tunnel the grade starts down- 
hill to Oroya, elevation 12,000 ft. above sea-level, which is reached 
at 5 p. m. and i.s 130 miles from Lima. 




Fig. 90. Map Siiowimi Sitva 
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There are three long switeh-baeks. seventeen bridges, and sixteen 
tunnels on the road. At Oroya a change of cars is made for the 
smelter. This new line in owned by the Orro de Pasco Mining ('o., 
and runs from Oroya to the coal mines at Ooyeiarisiiuispa. Therfl 
are two branches on the road, one of about six miles which nins to 
Cerro de Paseo. and Iho other about eleven miles long which runs to 
the other coal mine at Quisbuareaucha. The smelter at La Fundi- 
cion, 75 miles from Oroya, is ff ached about 9 p. m. ; and eight miles 
beyond the smelter, Cerro de Pasco, where most of the copper mines 
are situated, is reached by !):45 o'clock. 



R&CBKT OOPPRB SUBLTING 




Cerro lie Paacu boasbt of 25,0(KI mhnbitaiitn. It lies Ht an plevatioo 
of 14.600 ft., iij a satldle of a inonntaiii rangi;. through which ruii<i 
an old trail to Lima. The town is over a hundred years nld. VHrions 
iuterpretations have been given to the name. At a glance, 'A Paw 
in the Mountain ' appears correct, but iiiaRinuefa as prisru in the rndirni 
■liiili'ct iiinaiis 'a nifrbt'a (-jini[>irip; plaoP." moru Ki'CRninp is rcfliiinil 
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for the true meaning. The Indians in the neighborhood seem to be 
ignorant of the origin of the name. 

Great changes have taken place since the smelter was started, and 
problems have been solved that were at first thought to be impossi- 
ble. From three 56 by 180-in. blast-furnaces and six 7-ft. Parrot- 
type converters, the plant has grown until it now consists of five 
blast-furnaces, two 10 ft. by 25 ft. 10 in. Pierce-Smith basic-lined 
converters, two 11-ft. spherical converters, and two of the old 7-ft. 
Parrot-type converters, five 19 by 60-ft. coal-fired reverberatory fur- 
naces, fourteen 18-ft. six-hearth McDougall roasters, and ten Dwight- 
Lloyd sintering machines. 

The blast-furnaces, converters, and new dust chamber have been 
remodeled. The lower parts of three furnaces have been left un- 
altered, the old brick tops were replaced by steel similar to those on 
the two completed furnaces, with the addition of a 9-ft. gooseneck 
instead of one of 6-ft. diameter. This larger flue proved to be ex- 
ceptionally satisfactory. From constant use, these furnaces had 
opened out to 72 in. at the tuyeres, making the furnaces 72 by 180 
in., although the two new ones are 48 by 177 in. With a blast of 
from 32 to 36 oz., these furnaces are smelting about double what 
they originally did. 

The McDougall roasters have been installed as they were needed, 
there being now fourteen of them. A new flue is being built to in- 
crease the draft, so that the capacity will be greater than at present. 
Two of these furnaces are used to dry silica for the basic converters. 
The others roast ore for the reverberatories. Only three of the five 
reverberatory furnaces are in constant use. Each furnace smelts 
60 tons of charge with 45 tons of coal. One of these furnaces has 
waste-heat boilers attached, and with the three 300-hp. boilers, 400 
boiler horse-power is obtained. The steam is piped to the power- 
house. With the remodeling of the furnaces, more converters were 
necessary, and the original six Parrot-type were to be replaced by 
five 11-ft. spherical acid-lined converters. Before these had been 
installed, a Pierce-Smith basic converter was tried, with the resiilt 
that the present battery comprises two 10-ft. by 25 ft. 10-in. Pierce- 
Smith, two 11-ft. spherical, and two 7-ft. Parrot converters, the last 
two being used only occasionally. At present a battery of ten 
Dwight-Lloyd sintering machines is being erected, the trial some 
months ago of one of these machines having proved their worth. 
With the large amount of fine ore the Company must handle, they 
will make a large saving. 

At the power-house most of the engines are to be electrically 
driven by the English system of rope-drive. One blowing engine for 
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the coiivertora, oiic hlast -furnace engine, and one a ir-com pressor 
will remain «ii Hteain. These are to take care of the sudden extra 
loading that may occur. This will practically do away with the 
boiler-house, ns the waste-heat boilers should deliver enough steam 
for this load. The electricity for this change and for similar work 
at the mines is to be obtained by water-power at Oroya, where 
10,000 hp. will be Kcnerated by means of three Allis-Chalmers units 
which are being installed. The electricity will be sent to the smel- 
ter, 75 miles away, at 50,000 volts. There it will be reduced to 10.000 




volts for the minus and li200 volts for snu'lter use. At the mines liSit 
volts will be used for thi' motors. The systeui nf rope-drive eonneet- 
iny the air-eoiii|iressin's whieh is usid in the smelter jiower-huuse 
will also be used at the mines. The sleani hoists will remain, but 
will be operated by air in place of steam. 

Quite a few foreigners are to be fiuind anioiifr the employees, but 
the lower class of labor is picked from the natives, rnfortunately, 
these are very isrnorant. small in stature, slow of action, siipersti- 
ticnis. ami not nuiseulnr. It taki's sevi-ral of them to do the work 
that the averai;e white man can do. Host of the natives come from 
the njrrienltural districts and have no id.a of me.-hiinical work. Any 
L'xeuse to lay off from work is w.'lcomed, and the many religions 
holidays, tojicther with 'pay-day.' atTord the opportunity. 

At I'" ^'"■dieiiui the Company has a coal-washing plant, and sev- 
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enty 12-ft. beehive coke ovens in which most of the Company's own 
coke is made. In addition to the group of mines at Cerro de Pasco, 
the Company is operating mines at Moroecxtha, from which hirge 
cpiantities of high-grade ore is mined. Morococha is a few mih»s 
from Ticlio among very high mountains, and here most interesting 
geological formations can be seen. 

The Company employs about 5000 men. Of this number, 8000 
are at the smelter and the other 2000 in the different mines. At each 
camp a hospital for emergencies is maintained, and there is also a 
large, well equipped general hospital at Cerro de Pasco. A small 
fee is charged each employee toward the maintenance of the hospital. 



HANDLING FLUE-DUST AT THE COPPER QUEEN SMELTER 

By James Douolas 
(December 13, 1913.) 

•Experiments made at the Copper Queen smelter during 1909- 
10 showed that by reducing the velocity of the gases in the dust- 
chamber and preventing eddies, a large amount of the dust loss 
could be avoided. The shape of the dust-chamber was therefore 
altered, and its size increased. The gases from the converters 
were led through a large independent flue into a small subsidiary 
part of the dust-chamber at the base of the stack, and the finer 
material, as well as the dust, was extracted from the cupola charge 
and passed to the reverberatory furnace. A series of fresh ex- 
periments is about to be made to determine the efficiency of these 
conservative methods. But proof of their value is offered by the 
fact that the dust produced by the blast-furnaces has dropped from 
an average of 227 tons per day during the first half of 1912, when 
the reverberatory furnaces were not running, to an average of 116 
tons per day since they started up. 

The amount of coarse particles caught in the converter flue is 
two tons per day, but this is independent of the finer particles which 
settle in the brick header at the base of the stack. That recovered 
in the flue itself is very high grade, analyzing as follows: Au, 
0.155 oz.; Ag, 15.4 oz.: Cu. 60.9% : SiOo. 2.2% : Fe, 8% ; S, 11.6 per 
cent. 

A dust-chamber of 1200 sq. ft. cross-section and 132 ft. long was 
built, connected with the reverberatory furnaces, from the roof of 



♦Reply to discussion of paper, The Copper Queen Mines and Works.* pre- 
sented before the Institution of Mining and Metallurgy. 
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which are bung some 30,000 wires. From this chamber, during a 
period of thirteen months, only nine tons of dust has been recovered. 




The dust in the chambers has not yet reached a point where the 
daily accumulation can be retjularly drawn off. Most of it, how- 
ever urobably will always settle in the lioilera and flnea which are 
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interposed between the furnaces and the dust-chamber. The dust- 
chamber connected with the McDougall roaster plant is 1370 sq. 
ft. cross-section. It is 144 ft. long, and has some 42,000 wires hang- 
ing from the roof. To date, the dust recovered is 6% of the 
charge roasted. 

Frank Rutherford has furnished the drawings and following 
description of the converter slag and flue-dust sintering apparatus 
and methods at Douglas: 

In June 1909 a cylinder 4 ft. in diameter and 9 ft. long, lined with 
firebrick, was set up in an inclined position so that the material 
made would discharge from the end. This machine soon demon- 
strated that a good product for blast-furnaces could be made by 
pouring molten converter slag and flue-dust together into one end 
of it, but that the crust or collars made were very difiicult to re- 
move. Naturally, the conditions suggested that instead of a cylinder 
a truncated cone would overcome all the difficulties and still give 
a good product. The working of the cone completely satisfied 
expectations as to dislodging the crust, and was a delightful sur- 
prise as to the tonnage it could handle. The conveyor, as shown 
in the drawing, was an essential part of the plan. 

This machine ran for a number of months and proved conclusively 
the practicability of the process. The machine, working three shifts, 
easily handled all the converter slag made, and from 60 to 70 tons 
per day of flue-dust. The best and most even product was made 
when the dust used was from 18 to 20% of the converter slag by 
weight, and 25% was found to be the practical limit at which 
good coarse product could be made unmixed with flue-dust. The 
maximum day's product, 24 hours run, was 535 tons, with an aver- 
age of 325 tons per working day over a period of five months, 
which included time taken for all minor repairs done while the 
shifts were on. The power was supplied by a 50-hp. motor through 
a train of gears and chain drive, and gave eight revolutions of the 
drum per minute. This speed might, with advantage, be somewhat 
reduced, and the method of drive be improved upon. Both of these 
changes would have been made had the experiments been prolonged, 
but the reverberatory furnaces going into commission required all 
the flue-dust and brought the experiments to an end. 

If the flue-dust contains much sulphur, the amount of sulphur 
dioxide gas liberated is very great, and provision for its removal 
must be made, and for collecting a small amount of fine dust. Trial 
runs made with matte instead of converter slag proved that, al- 
though the matte would take up much more flue-dust, the collars 
wer«» *»"oh heavier than with the slag, and therefore harder tn. 
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break. While working with converter slag and dust it was found 
that a small jet of water playing on the crust as it formed was 
sometimes quite a help, but with hot slag, free from white metal, 
the crust broke by its own weight, and therefore did not require 
the aid of a bar and hammer. Had the work been continued it 
would have been desirable to rebuild the machine, making it much 
heavier and increasing the diameter of the small end to about 6 ft. 
in order the better to dislodge the crust. Two of these cones have 
been installed in the new smelter of the Arizona Copper Co., Clif- 
ton, Arizona, primarily to mix fine silicious material with converter 
slag before going to the reverberatory furnaces, and thus obtain a 
better fluxing of this silicious material than could otherwise be 
obtained. 



SMELTER CHARGES IN UTAH 

(January 20, 1912.) 

The bulk of the silver-lead ores shipped from Tintic district, 
Utah, to the smelters in Salt Lake valley pay a treatment charge 
of about $1.50 to $2.50 per ton, based on a certain content of lead, 
usually 10%. If the lead content is below 10% there is an additional 
charge of 8c. per unit, and if above 10% there is a credit of 5c. 
per unit. A charge of 12c. per unit is made on all silica, of which 
Tintic ores carry 60 to 80%. The shipper is debited with 25c. per 
unit for sulphur, 30c. per unit on all zinc over 8%, and 50c. for 
speiss, consisting mostly of arsenic and antimony. Iron is paid for 
at 10c. per unit, and in settling for the copper in lead ores the smel- 
ters first deduct 1.3% from the assay value, and about 5c. per 
pound from the market price on cathode copper; that is, copper 
in lead ore running less than 1.3% is not paid for. The producer is 
paid for 90% of the lead content, less ly^ to 1^2^. per pound de- 
ducted from the market price for transportation and refining of 
bullion. He is paid for 95% of the silver at New York prices. Based 
on the foregoing figures it is apparent that producers of Tintic ores 
pay a treatment charge of $8 to $10 per ton. 

Most of the Park City operators pay the smelters a flat rate of 
$10 to $12 per ton, the transportation charge being $2 per ton on 
crude ore and concentrate. Settlements for lead, silver, and gold 
in the ore are the same as those applicable to Tintic ores. Copper 
in Park City silver-lead ores is paid for at 5e. per pound less than 
the New York price, after deducting the difference between the wet 
and dry assay. Zinc is an important factor in the lead-silver ores 
of Park City, and the entire product shipped is in the form of qon- 
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centrate. Most of it is shipped to Colorado and Kansas plants. 
Apparently the zinc situation has undergone some changes within 
the past seven months, and some of the zinc producers complain 
of exacting conditions under which zincblende concentrate is now 
marketed. Such a product, sampling 40% zinc, 4 to 5% lead, and 
8 to 10 oz. silver, with spelter at 5c. per pound in St. Louis, is sold 
f.o.b. Park City at $10 to $12 per ton. A penalty on lime is charged, 
and there is also a penalty if 50% of the concentrate runs finer than 
a certain mesh. There are no credits for iron, nor gold, of which 
there is a small amount. The only mine in Park City district the 
ores of which are not treated on the flat-rate basis is the Daly- 
Judge. Its lead-silver ore, both crude and concentrated, is being 
shipped to the international plant, the treatment charges being 
figured on the silica and iron basis. 

A considerable tonnage of silver-lead-zinc ore is received at the 
Midvale mill of the United States S. R. & M. Co. In settlement for 
this the producer is paid $20 per ounce for 90% of the gold; he is 
paid market price for 80% of the silver, 80% of the lead, less 
l^/^c. per pound; 60% of the iron at 6c. per unit, and 30% of the 
zinc content at 2c. per pound. He pays a treatment charge of $3 
per ton, a roasting charge of $1.50 per ton, and is charged for 10% 
of the silica at 12c. per unit. 



THE MINING AND SMELTING INDUSTBT OF COLORADO 

By Franklin Guiterman 
(November 26, 1910.) 

♦Abstract of an address read before the Denver Chamber of Commerce. 

•In its recent call for the Annual Convention of the Mining Con- 
g:ress, the invitation said in part: ''Within the last three years, 
it is safe to say, the total annual output of mineral, coal, and oil 
wealth in the United States has decreased not less than 25% and 
perhaps 33%/' Presumably this startling declaration was founded 
on statistics furnished by the United States Government, and may 
in consequence be accepted as true. In Colorado the falling off 
in mineral production has been confined practically to gold, silver, 
and lead, especially silver and lead, and the decrease has been so 
startlinji: as to lead this Chamber to appoint a committee whose 
chief function is to make a thoron^rh inquiry into the causes for the 
decadence of our mining and smelting industries, and to suggest 
*or their revival. I am advised that it is the custom of this 
to call for reports of progress from its several com- 
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mittees from time to time, and, as chairman of the committee 
on mines and mining, I have been requested to say something to 
you about the present status of the mining and smelting industries 
in Colorado, and to indicate in some measure the results which 
have followed our investigations to date. If your committee is not 
able at the present time to furnish the Chamber a specific report on 
the important matters which have engaged its attention, it may be 
said in extenuation that your board of directors was advised 
initially that the work which has been undertaken is one of magni- 
tude and that the gathering of the necessary data would involve 
much time, detailed labor, and analysis. It is not unlikely even that 
failure to secure the desired and necessary information may result. 
At the present time it is too early to state what the outcome of our 
investigations will be. It may, however, be permissible to dwell 
briefly on some of the more important causes which have contributed 
to the decadence of mining in Colorado with the coincident en- 
forced curtailment of the smelting industry, which is dependent 
thereon. It is most unfortunate for our state that the impairment 
of the mining and smelting industries has from time to time been 
made a political issue, and that in discussing these vital industries, 
some have not hesitated to misrepresent the facts, and thus mislead 
not only our own citizens, but also those from other states. It is 
unfortunate that the subject of ore-treatment charges and of ore 
schedules is complex ; that the metallurgical processes are intricate 
and technical, and that the metal recoveries attendant on these 
processes are sometimes astoundingly variable and often uncertain 
in their outcome. Coincident with these technical considerations 
comes the application by smelting and milling companies of tariffs, 
or ore schedules, as they are termed, and as these schedules vary 
prreatly with the character as well as the value of ore, it appears, 
superficially considered, that the rates of payment for metals in 
ores are not only complex and sometimes incongruous, but that they 
are framed with the specific underlying idea to confuse, if not to 
deceive, the ore seller. To him, however, who is familiar with the 
marketing of ores, a familiarity which comes with mining and com- 
mercial experience, there is nothing obscure or involved in the 
schedules ; and for him it is a simple matter to resolve at once the 
terms of payment for his ore into a net value per ton. The more 
complex the ore, considered in its mineralogical character, the more 
complex apparently is the ore schedule on which the mill or smelter 
buys it. To illustrate: 

The simplest tariffs are those applying to ores which are treated 
jp a stamp-mill, where the ore is stamped, passed over amalgamated 



^22 RECENT COPPER SMELTING 

plates where the j^fold is extracted to as large an extent as possible^ 
and the tailing treated on concentrating tables. In this case the 
millnian charges the ore producer a fixed sum per ton for milling 
the ore, and turns over to him the gold amalgam and the concen- 
trate. The amalgam is retorted and the gold sold to the Mint, while 
the concentrate is sold to the smelter on a simple schedule, because 
the product is simple in its mineralogical nature. The second case 
is that covering such ores as the Cripple Creek gold ores, in which 
a fixed sum per ounce is paid for the gold content and an increasing 
treatment charge per ton is applied as the ores increase in value. 
The last case is that involving the purchase of ores, complex in their 
niineralogical character, which may contain gold, silver, copper, 
h»ad, zinc, bismuth, antimony, and arsenic. Such ores in smelting 
involve the production of by-products which demand repeated met- 
allurgical treatment. In these processes the recoveries of the metals, 
gold, silver, lead, and copper, are dependent on technical skill. The 
payment for recoverable metal content in such ores is governed 
by the ability of the smelter to effect certain savings which exper- 
ience has shown can be attained, and the treatment charges of the 
ore schedule must be based not alone on the expense obtaining in the 
actual smelting operations, but on the technical considerations 
governing possible metal recoveries as well. Ores known as fluxing 
ores, and without which the latter could not be smelted, have the 
lowest treatment eharjres applied to them regardless of the smelting 
expense, while other ores which demand fluxing ores in smelting 
have to bear greater smeltinsr charges. This is a natural as well as 
a commercial distinction, for the fluxing ores are, almost without 
exivption. low grade, while the silieious ores are generally of higher 
value. Therefore, smelting schedules must apparently become more 
complex with increasing complexity of the ore to be treated. It is 
impossible to frame the schedules in a manner which will readily 
be undei*stood by tlu^se inexperienced in ore production and ore 
rates, or unfamiliar with the mining and smelting industries. 

Coi.ORAiH> Priwihtion. 1900-1909. 

1900. 1909. Decline. ':•€ 

r.old 1.400.000 oz. l.Ofil.OOO oz. 24.21 

Sil vor 20.300.000 oz. 8,900.000 oz. 56.16 

Uatl 82.137.000 lb. 32.360.000 lb. 60.60 

roin»er No change. 

ZIno Inon?asing in output. 

Total lUnroaso in v.ilue |:»0.:n 4.«>00 to $30,916,000 38.55 

Notwithstandinir the rtuitinnetl efl^t»rts ou the part of milling and 

rompanies tocNtend aid to the mininir industry in Colorado. 

has been a continued recession from the high level of 
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prosperity which it oeeiipied a decade ago. The extraordinary de- 
cline in production for this period will be seen from the preceding 
comparison. 

Colorado's ability to maintain its gold production even on the 
present level has been due alone to continued reductions in treat- 
ment charges, those on Cripple Creek ores having been reduced in 
the last ten years about $5 per ton on the average. The efforts of 
the smelting companies to check the decline in production of the 
silver-lead ores have been entirely unavailing, notwithstanding re- 
ductions in treatment charges aggregating on this class about $3 
per ton. Not only have the heavy reductions in treatment charges 
not resulted in the maintenance of the former tonnage production, 
but with the steady decline in the mineral output, the American 
Smelting & Refining Co. has been obliged to put one-half of its Colo- 
rado plants out of operation and operates the remainder on cur- 
tailed capacity. 

It is true that prospecting in Colorado has practically ceased for 
many years; that the orebodies w^hich heretofore furnished ore for 
the smelters have been exhausted to a large extent, or are approach- 
ing that stage ; that to a large degree mining properties once operat- 
ed under company management are now worked by lessees, and 
that in most cases development work is being neglected ; and finally, 
that in closed mines where orebodies have been exhausted, or only 
ore of too low grade is left, or where such physical disadvantages 
as the necessity for an ore concentration plant or a heavy pumping 
equipment has to be faced, the investment of new capital is de- 
manded. Such capital, however, will not be forthcoming unless it 
is made clear to the investing public that Colorado still offers a 
profitable field for mining ventures when undertaken and guided 
by competent and conservative management. The desired end can 
only be accomplished by co-operation all along the line, between 
mining, milling, and smelting interests, raihvays, and by the press 
in inviting mining investors to come to Colorado with the assurance 
of square and fair dealing on the part of ore-purchasing concerns. 

Colorado's metallurgical engineers, that is, those who have ac- 
quired their initial experience in this state, have indiisputably 
stamped their individuality on metallurgical progress the world 
over. It was their efforts w-hich have wrought success in the 
mineral fields of South Africa, New South Wales, and Australia. 
It is to them that the astounding and astonishingly successful copper 
milling and smelting methods in Montana and Utah are due. It is 
they who have placed the chlonnation and cyanide practice of the 
Cripple Creek field on a higher plane of metallurgical achievement. 
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It is they who have created a practice of silver-lead smelting which 
is acknowledged as one to be patterned after in other states, and it 
is they who are now utilizing to the best and largest extent our 
present mineral resources and who may be trusted satisfactorily to 
take care of those which our pluck and energy may yet bring to 
light. 

If indications point aright, there is reason to believe that our 
mining conditions will greatly improve in the near future. With 
the deep-drainage tunnel practically completed at Cripple Creek, 
an increasing tonnage may be expected to be produced in that dis- 
trict; with the discovery of important bodies of zinc carbonate at 
Leadville a new impetus will be given to enlarged development and 
operations in that district, w^hich in truth furnishes the basis of our 
smelting industry ; and with the renewed activities in those two dis- 
tricts and an advancing price of silver, we may confidently expert an 
awakening and quickening in all of our other mining camps. 



COPPER THBOnOH FIFTY TEABS 

By James Douglas 
(May 21. 1910.) 

The copper industry of this country since the middle of the last 
century presents many points of interest. It has been subject to 
the usual vicissitudes of trade and finance. It has tried the experi- 
ment of high protection and of no protection at all. It was at one 
time controlled by an agreement of the large producers, but during 
the longer period has been subjected to unlimited and untrammeled 
competition. And yet it has prospered. In production the United 
States has grown from almost insignificance among the world's con- 
tributors to being the controlling influence of the world's market. 
For our report of our monthly output the copper market waits with 
bated breath. 

In 1850 the rank of the world's copper producing countries was 
as shown in the table opposite. 

In 1909 the position of most of these countries is strangely re- 
versed. 

The United States stands first with a production of 1,099,840,000 
lb. or 58.23% of the world's production, and Great Britain's pro- 
duction has become a negligible quantity. Mexico does not appear in 
the old list, but today takes second rank. Australia has risen to 
third place, followed by Chile, which during the seventh decade of 
the last century rose to first place. Chile then declined through the 
ion of r'cb mines, but is again coming to the front. During 
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World's Production of Copper for 1860. 

Country. Pounds. Per cent of totaL 

Great Britain 29,648,000 26.8 

Civile ' 26,000.000 22.9 

Russia • 12,900,000 11.8 

Austrian Empire 6,660,000 6.0 

Cuba 6,800,000 6.3 

Australia and New Zealand 7,000,000 6.4 

Scandinavia 4,000,000 3.7 

German States 2.800,000 2.6 

Rest of Europe 2,000.000 1.8 

Turkey 2,000,000 1.8 

Asia 6,000,000 5.4 

South America (except Chile) 2,400,000 2.2 

Africa 1,200,000 1.1 

United States and Canada 1,300,000 1.2 

Total 109,708,000 100.0 

World's Production of Copper for 1909. 

Country. Pounds. Per cent of toUl. 

United SUtes 1,099,840,000 58.23 

Mexico 125,440,000 6.64 

Spain and Portugal 116,480,000 6.16 

Japan 115,280,000 5.56 

Australasia 98,560.000 5.22 

Chile 84,000,000 4.54 

Canada 51,520,000 2.72 

Russia 50.400.000 2.66 

Peru 44,800,000 2.37 

Germany 44,800,000 2.37 

Norway 22,400,000 1.18 

Cape Colony 15,680.000 0.83 

Italy 7.840,000 0.41 

Bolivia 6,160,000 0.32 

Newfoundland 4,480,000 0.23 

Sweden 3.360,000 0.17 

Austria 2.800.000 0.14 

Turkey 2.240,000 0.11 

Argentina 1,120,000 0.06 

Great Britain 1,120.000 0.06 

Hungary 224,000 0.01 

Algeria 224.000 0.1 

Total 1,888,768,000 100.00 

that period Venezuela became prominent mainly through one great 
mine, the New Quebrada, but another has never been found and the 
country has disappeared from the list. Peru, on the other hand, is in 
the ascendant. Africa's contribution during the half century has 
been from the coast mines of the Cape Copper Co. but ma.7,\\«^ Wa\. 
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the interior is being reached by rail, become a large factor. The rise 
or decline of a country's production, or even of a single large mine, 
may sensibly affect prices, as the volume of the world's copper pro- 
duction is comparatively small. This has been conspicuously shown 
by our own experience. 

From 1857 to 1861, during which years our mines increased their 
output from 10.700,000 lb. a year to 16,800,000, copper was on the 
free list and the world's price virtually regulated ours. With the 
breaking out of the war the Morrill tariff act was passed, which taxed 
everything on which revenue could be raised and copper was stricken 
from the free list. The duty first imposed was 2c. per pound and 
from 1864 to 1869 2i'oo. was the rat^. Our production increased from 
16,8(X>,(XX) lb. in 1861 to 28,000,000 in 1869. This rapid rise was due 
to the d»*velopment of the Calumet & Hecla. The effect of the 2 and 
2^i^\ duty was immediately felt in the higher price of copper here. 
In 186;^ the price of Lake ingot in this country was 4c. above the 
price of Chile bars in England. Though this difference was not main- 
tained« the average for a time was about 3 cents. 

The tariff tendency, steadily upward till checked, was of course 
taken advantage of by the copper industries, and therefore they de- 
niandtnl more. The demand was acceded to and the duty on ingots 
was raised to 5e. in December, 1869. And at 5c. per pound it con- 

tin\ied until 1882. except during 1872 and 1873, when it was reduced 
to 4*jo. Moainvhile the annual production of the country had risen 
from 2S.iH)0.000 to 90.600.000 lb. and great changes had occurred, 
distiirbiuir the balance of power, as it existed during the supremacy 
of the Liiko mines. From tbo time when Calumet & Hecla commenced 
its phenomenal produetion. say in 1868, till 1881, the percentage of 
prod\u*tion by ^liehiiran had never fallen below 80% of the country's 
total and had risen as hi^h as 95.7 in 1872. During that period our 
pnuhietion had besrun to exceed our consumption. There was even 
a small balance of 102.821 lb. for export in 1864. In order to secure 
full advantacrc of tbo duty under these circumstances some combina- . 
tion by the copper companies had to be devised. The producers 
outsiile of ^licbipran up to that date might be neglected. The Lake 
companies alone were therefore included in the several plans which 
were either proposed or carried out. The Mining and Scicnfifir Prcfts, 
in its issue of July 20. 1872. said *'The copper ring has contracted 
at a stipulated price for the product of the prominent Lake Superior 
mines for a certain length of time, reported all the way from six to 
twelve months.*' The scheme miscarried, for English holders of 
I.Mke coj per who had ])oujrht large quantities of the metal the 
/'••e\ /oMs year, took advimtage of the higher American price to un- 
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load their unused stock on the market, thoup:Ii the original buyers 
liad pledged themselves not to re-export. The final attempt to 
create a copper trust commenced in 1879 and ended by decree of 
the court in 1885. The story is told in the 'Tariff Reform' Pamph- 
let Vol. Ill, No. 2, page 440. 

*'The combination was formed by the following mines: The 
Calumet & Hecla, Atlantic, Quincy, Central, Allouez, Franklin, 
Pewabic, and Huron; the Copper Falls and Conglomerate companies 
were admitted later. It was agreed that all the sales of copper 
should be made by the sales agent of the Calumet & Hecla. The aim 
was to keep up the price of copper in this country to the limit 
allowed by the tariff of 5c. per pound. The surplus produced over 
the consumption in the United States was to be exported and sold 
on the condition that the buyers would not re-import it. This plan 
continued till 1883, when the sales agent of the Calumet & Hecla 
died. Thereupon, written contracts were made by all the mines 
mentioned above providing that all the copper produced should be 
pooled and sold by the Calumet & Hecla, either in this country or 
abroad. Ten per cent of the receipts from the sales of copper was 
to be retained for use either to buy Lake copper in the markets when 
they should become glutted, or in case it was thought best to hold 
the copper for a considerable length to assist the weaker mines to 
continue their operations. This contract was drawn October 13, 
1883, to continue in force one year. On February 14, 1884, new con- 
tracts were drawn to continue the arrangements till January 1, 
1885, and the third and last contract was drawn up and signed 
August 20, 1884, to continue the pool one year longer, from January 
1, 1885. These contracts gave the Calumet & Hecla complete con- 
trol over all the copper produced in Michigan to sell when it 
pleased and at what price it pleased. In the last contract the fol- 
lowing provision occurs: *It is the purpose of the Calumet & Ilecla 
Mining Co. to make a large sale of copper for export at the best 
price obtainable, from 12,000 to 17,000 tons.' The sale was made 
and the copper was to be delivered in three installments in Novem- 
ber, December, and January, and the price agreed upon was an 
advance of £4 per ton (equal to 0.86c. per pound) above the average 
price of Chile bars for those months. The Quincy company ob- 
jected to this and proceeded to sell its copper for export through 
certain brokers in New York, who succeeded in getting more than 
a cent per pound above the price obtained by the Calumet & Hecla. 

**The Calumet & Hecla for itself and the other mines in the pool, 
applied for an injunction from the Supreme Court of New York 
to stop the independent sale of copper by the Quincy company. The 
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Sixth article of the complaint is as follows: 'Acting upon the faith 
of and in full compliance with said agreements, said Calumet & 
Hecla Mining Co. entered into an agreement and made a contract 
with certain European parties for the sale and delivery during the 
periods covered by said agreements of many thousand tons of 
copper. A part of the consideration of said last named contract 
with the said European parties was the agreement ma^e by the said 
Calumet & Hecla Mining Co., acting for itself and for all the other 
companies above named, that no more copper should be sold by said 
companies for exportation during said perio'd, and the European 
parties agreed on their part that none of said copper should be re- 
imported into the United States.* In answer, the defendant, the 
Quincy Mining Co., declares: *For an answer and defense herein 
the defendant alleges that the contract referred to in the plaintiff's 
complaint was executed by the several parties thereto for the pur- 
pose of carrying into effect agreements which they had made to com- 
bine with each other to prevent a free competition among them- 
selves in the business of selling their production of copper and to 
enable the plaintiff, the Calumet & Hecla Mining Co., to control the 
amount of Lake Superior copper which should be put upon the 
market and also to control and keep up beyond what it would other- 
wise be, the price at which the same should be sold during the con- 
tinuance of said contracts.' In January, 1885, Judge Lawrence 
rendered his decision refusing to grant the injunction on the ground 
that it was contrary to public policy." 

Thus ended the only copper combine made by all the large copper 
companies who were in active operation at the time of its original 
formation. But in the interval between 1880 and 1885 natural 
forces less easy to evade than legal statutes came into play. Arizona 
had entered the field as a lar^^e producer in 1881 and Montana had 
followed suit in 1882, and these Western companies contained ele- 
ments more diflficult to harmonize than had been found in the Michi- 
gan group of mining companies. The effect on production and price 
was startling: 



Year. Production, lb. 

1881 71,681,000 

1882 90.646.000 

1883 115.526,000 

1884 144.946.000 

1885 165,875,000 

1886 156.735,000 

* Decrease. 





U. S. price of 


Foreign price 




Lake Superior 


of Chile bars 


Per cent of increase 


ingots. 


2c. under ingots. 


over previous year. 


Cents. 


Cents. 


18.6 


18% 


13% 


12.5 


18% 


14% 


27.4 


16% 


13% 


25.5 


18% 


11% 


14.4 


11% 


9% 


5.5» 


11 


8K 



RECENT COPPER SMELTING 429 

The Lake combination was ineffective in sustaining prices beyond 
1882, owing to the entrance of the production of these Western 
mines into the market of the worki and the impossibility of incor- 
porating them into any copper trust. Tlie Arizona Copper Co., 
making bars which ranked as Chile bars and were worth about 2c. 
per pound under Lake ingot, might have combined with the Lake 
companies ; for in those early days Montana made matte only, and it 
was all, or nearly all, shipped to Europe for treatment. An equita- 
ble agreement between the Michigan and the Western mines would 
therefore have been diflBcult, even if the personal element among the 
few men who controlled the copper trade had not erected a more 
unsurmountable barrier against co-operation than diflficulties aris- 
ing from discrepancies in values and divisions of quantities. 

Soon after the appearance of the Western copper the law of sup- 
ply and demand asserted itself. The enormous and rai)idly in- 
creasing production of Montana, added to the notable but less 
phenomenal growth of Arizona's output, made the balance for qx- 
port so large that the scramble for the protection of the home market 
be^iame furious. As a consequence the duty soon became inopera- 
tive so far as the miner was concerned, and the price in this country 
fell to that of the world plus the cost of importation. This must 
inevitably happen with any protected article produced in excess 
of the home demand, unless some artificial method of making the 
duty effective is devised. The Anaconda output was in fact the 
principal factor in bringing about the drop in the world's price of 
copper in 1885, 1886, and 1887, which preceded the formation of 
the Secretan Syndicate. The fall in price was so grave as to tell 
on production which, as the statistics show, fell off 5.5% between 
1885 and 1886. The decline in price was such that Lake Copper 
sold languidly at 10c. and the Copper Queen company made con- 
tracts for its bars at 8c. and at even a trifle under. The tariff gave 
the distressed industry no help, but M. Secretan came to its assist- 
ance, offering to buy the output of the mines for three years at 
stipulated figures. There was, however, no understanding or con- 
current action among the American producers in their dealings 
with the French syndicate. Some producers refused to sell, and 
with each of those who did sell there was an independent negotia- 
tion, and all by no means received a uniform price. The price 
paid was on an average 5c. per pound higher than had ruled for 
the two previous years. The effect on production is indicated by 
a rise of 15.4% between 1886 and 1887, and of 25.17 during the 
following year. On the failure of the syndicate, production was 
so far arrested that the figures for 1889 showed, for the whole 
coimtry, an increase of only half a million pounds. But this stag- 
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natioii was only temporary. The syndieate stocks were rapidly 
absorbed or disposed of, and in 1890 the price of copper rose to 15c. 
and production increased 14.5% over that of 1889. But the terrible 
crisis of 1893 was at hand, and told disastrously on both produc- 
tion and prices. 

In 1893 the situation changed. There was a decrease instead of 
an increase in production, and the average price for Lake ingot fell 
to 9.5c. Despite the staggering blow, the copper trade rapidly 
picked up courage, and in 1894 showed a 7V$>% increase over 1893 
and a rise in price of IV^c. This resiliency, when the whole country 
was prostrate, may have been in spite of, or may have been the 
result of, the self-reliance which the placing of copper on the free 
list by the McKinley bill may have engendered. The plea for pun- 
ishing the copper companies was that they had conspired with a 
foreign syndicate to artificially and injuriously influence prices. In 
fact, the companies which did sell to M. Secretan did individually 
what has been done before and since, namely, sell their production 
ahead to the highest bidder, at a most tempting figure, which raised 
most of the blighted concerns from despair into easy circumstances. 
So little benefit was derived from the tariff that when the trade was 
threatened by the complete removal of tariff protection the com- 
panies did not send a lobby to Washington or even protest. For 
years protection had ceased to protect. Every large company had 
opened its European sales agency and had secured its own customers, 
and therefore a market had been found for the total American sur- 
plus, no matter what it might be, if only the world's price were ac- 
cepted. The removal of the duty therefore made no difference, but 
the financial crisis of 1893 did. Yet it was chiefly in the dividends. 
The price continued low till 1898 when a wave of high price dc 
veloped, followed in 1902 by another decline. This lasted for three 
years, when a second wave within a decade of excessive price set 
in, followed by a relapse. These serious vacillations in price doubt- 
less create disturbance in trade and stimulate, even if they do not 
originate, speculative manipulation. The only remedy conceivable 
would be a vast combination which would include both the mining 
and manufacturing interests, wealthy enough to absorb the existing 
companies by tempting the weak, and so omnipotent that no opposi- 
tion could be started without risk of being crushed. The Secretan 
schemes were wrecked by not placating the manufacturers of the 
world, who unearthed unsuspected stocks of old and new copper 
of surprising magnititude. This remedy would probably be again 
administered. But assuming that such a world-wide combination in 
wstraint of trade could be brought about with the view of seeuring 
of price, two consequences would follow. The price would 
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inevitably be so high that the public would pay very dearly for the 
luxury of consistent uniformity in value. And as a result of high 
prices, reduction in demand would follow. The supply can be con- 
trolled, the demand cannot, unless under rigid public control under 
state socialism. Past history showed a tariff without a trust to be 
powerless to create uniformity. A copper trust can no more be 
framed today than it could in the past. What we need more than 
a trust at present in this country is a large increase in consumption 
to use up the surplus that has been created during the past dull 
period. In this connection there would appear to be a great field for 
increasing consumption, if our copper mills would see their way 
clear to roll standard sizes of copper sheets for architectural pur- 
poses, and sell them to the public for roofing and such work as 
cheaply as copper wire is being sold at present. In the copper mills 
of Europe the difference between the price of wire and copper sheets 
is very much less than it is in this country, and this matter is well 
worth the serious consideration of our copper manufacturers, if 
they desire to retain this branch of their business for* any long 
period. 



HOUSINQ CONDITIONS AT THE GARFIELD SMELTER 

By L. S. Austin 

(April 23, 1910.) 

In settling upon a site for a smelting works regard is had not only 
for convenience to railroad lines and to water supply, but also to 
convenient places where the men may live. In the Salt Lake valley, 
Utah, however, the injury to the adjoining country from the escape 
of sulphurous acid fumes from the works has compelled the selection 
of sites for new plants, distant from settled places where the smoke 
can do but little damage, and where the smelting company can 
so control adjacent land that it shall not fear troubles from litiga- 
tion. At the Washoe plant, Anaconda. Montana, the works are situ- 
ated two miles above the town, and the comj)any has provided a 
street-car system for transporting its 2000 employees to and from the 
works and their dwellings. At the new plant of the International 
Smelting & Refining Co. in FMne canyon, Utah, four miles from Tooele, 
trains take the men to their work, and Tooele itself, an old settled 
place, affords an attractive town in which to live. The works of the 
American Smelters Securities Co. at Garfield are 17 miles from Salt 
Lake City, the distance being made in 40 minutes. Taking the wait- 
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ing time at both ends and for the time spent on street cars in Salt 
Lake City, as much as- three hours per day may be consumed by 
employees in going to and from their work. Part of this difficulty 
has been overcome by the establishing of a town at Garfield, about 
one and one-half miles from the smelter. It has been planned to 
operate a street-car line for the employees, but this has not yet 
materialized. Consequently the advantages of Garfield are nearly 
nullified. 

When the works were started much foreign labor was employed, 
and many of the men built shacks below the works where they lived 
under temporary, primitive, and unsanitary conditions. They were 
not well under control, there was an unruly element among them, 
and disputes occurred due in part to the free use of beer and liquor. 
It was found by the superintendent, W. H. Howard, that it was hard 
to retain proper labor and he felt that suitable provisions should be 
made to take care of these Greeks, Japanese, and Austrians. At 
Garfield, however, money had been spent on well built houses, all 
expenses of a townsite had been incurred, and no sufficient returns 
had appeared to be coming in on the money thus expended. Of 
course the reply to this would be, that having met all initial expense 
of water-supply, grading, stores, and public or semi-public buildings, 
all houses thereafter would be constructed at a profit, though, on the 
other hand, it would be a question whether the new buildings would 
be fully occupied unless the street-car line were put in. 

Naturally, with such an experience, the smelter management was 
slow to acceed to the requests for the investment of more money to 
take care of men at the smelting works. The conditions, however, 
were adverse, and it was difficult to keep even the foreign laboring 
population, so Mr. Howard was finally instructed to put in com- 
paratively simple accommodations. The new townsite or settlement 
now consists of 100 houses or cabins, each capable of accommodating 
six men. occupied by Greeks and Austrians ; one large mess-house 
and dormitory used by the Japanese; quarters for the repair gang 
of the works ; a store or supply house, and a butcher shop. 

The 100 cabins, 14 by 28 ft. in size, are one-story frame structures 
divided by a central partition into two rooms. They are unplastered, 
with the woodwork showing inside, the walls being one board in 
thickness. They cost $130 each ; one room being used for sleeping, 
the other for a kitchen and living room for the six men, who are 
charged $1 each per month, certainly a liberal return on the invest- 
ment. After the first 75 houses were built the revenue from rentals 
was employed for the construction of new cabins. 

The Japanese quarters consist of a house 120 ft. long, also of 
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lumber, and costing about $2000. It consists of a central part 
approximately 33 by 50 ft. used as a dining room and kitchen. The 
wings on either side are for the sleeping quarters of the men. In 
these the company has provided two high single iron cots with spring 
mattresses. At the end of each dormitory is provided a wash sink 
and two cement shower baths. The Japanese are a scrupulously 
clean people and hence it is possible to accommodate them in these 
crowded quarters. This building is under the charge of a committee, 
chosen by the men themselves, who keep up a strict discipline. Of- 
fenders are reprimanded or sent away by the committee chosen by 
the men, or by the manager to whom the committee is responsible. 
Meals are served in the dining room, except in cases of accident or 
sickness, and at such hours as are convenient for changing shifts, 
each man returning his dishes to the kitchen. The food includes a 
^ood deal of rice, meat stew, tea, and some bread spread with jelly. 
Turns are taken by the men in cleaning their quarters, which opera- 
tion includes a monthly disinfection. The clothes and other little 
properties belonging to the men are kept in lockers and trunks ad- 
joining the cots. No gambling is allowed and everyone is in bed by 
11 p. m. The men generally go to bed by 7 or 8 o'clock, having a 
light supper and rise early. 

The high fence of the works adjoins the grounds on the south. 
Openings are made through it to privies set inside; but separated 
from the plant and these are used by all the men with some degree 
of privacy. In the six-man houses occupied by the Greeks the usual 
custom is to cook by some agreement among themselves, provisions 
being bought by the mess. They have cook stoves w^ith tile chimneys 
and depend on these for warmth. 

Finally, and this has constituted the success and popularity of 
the whole settlement, food and supplies are furnished to the men at 
cost. The company has a store carrying food-stuffs and clothing, 
and the domestic supplies called for by the men. A storekeeper 
takes care of this at a salary of $125 per month, and he has the 
assistance of a clerk. A man cannot overrun his credit at the works, 
so that collections are assured. The average price for supplies is at 
least 20% less than elsewhere. Bread costs 4c. per pound. Meat 
is slaughtered near by and sold from a butcher shop on the ground. 
A good deal of beer is sold at the rate of $2.10 per case. Of this 
the Greeks consume about one bottle daily, and the Austrians three. 
To maintain order, a mayor is employed, who also acts as sheriff. 
lie enforces excellent discipline, and the settlement is peaceful. To 
keep the place clean a garbage cart goes around daily. 

The Japanese are noted for their eagerness to learn, and the 
interest they take in their work. They are able to do considerable 
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meehatiical and repair work; though the work of the regular 
mechanics, brick layers, carpenters, and machinists is done by white 
labor. The Greeks take comparatively little interest in their work, 
but can be relied upon to carry it on steadily without objection to 
furnaces and danprer. The Austrians, who are a large and vigorous 
people, are depended on for the heavier work. 



ORGANIZATION OF SMELTINO ENTEBPBISES 

By Heboebt Lang 
(April 19 and 26. 1913.) 

The greater number of reduction plants are built by eonipauies 
or individuals who arc already engaged in mining, as a necessary 
adjunct to their mineral properties. Others are set up in order to 
enter upon the business of buying and reducing what are called 
custom ores, that is, ores which are bought and sold in the market. 
While in the former case policy dictates that the works be put as 
near as may be to the point of production, in the latter it is generally 
found expedient to place them in localities central to a large num- 
ber of producing mines and convenient to good facilities of trans- 
portation, which cut a great figure in this kind of enterprise, enab- 
ling the most desirable ores to be secured for the processes. Whether 
the works comes under the one or the other head, the procedure 
which governs its inception is much the same as in organizing any 
sort of industrial undertaking. While there is no reason why such 
enterprises cannot be carried on by single individuals or by partner- 
ships, they are usually maintained by incorporations, upon whose 
organization may profitably be expended a few moments' study. 
Such incorporations are commonly managed by sundry officers, 
whose duties vary but little througho\it all mining countries. 

At the head there is a board of directors — or, as known in some 
rc^gions, a board of trustees — in whom reposes all the authority 
of the concern, and which they may, by vote, delegate to subordinates 
of their own selection. The directors are chosen at regular meet- 
ings of the stockholders and hold office as a rule for one j^ear. Their 
duties vary somewhat with the laws of the country, and also with 
the degree of their accountability to the stockholders whom they 
represent. Tn America these duties are much less stringent than 
in England, for example, and may be and frequently are performeil 
in a perfunctory and careless sort of way that at times works to 
*' *udice of the company. Quite as often, however, this appar- 
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eiit looseness and carelessness works to the advantage of the 
organization, as it devolves the important duties upon those better 
fitted foi^it. The English system, by placing heavy responsibilities 
and wide powers on the directors at home, puts a premium upon 
ignorant intermeddling; the American, by reposing confidence in 
able if sometimes dangerous employees, brings out the best or the 
worst there is in them, and bespeaks a great success or a great 
failure. The American system makes the best managers and the 
greatest engineers; the English the best accountants and routine 
men. The directors in America receive no compensation, as a rule, 
but on the formation of the company some shares of stock are 
usually divided among the earlier members as a sort of payment for 
their services. In other countries they receive so much for each 
sitting that they attend. The president — in England the chairman 
— of the board is elected from their number, and he, if he be 
charged with active duties, may receive a regular salary, although 
in this country it is often esteemed infra dig to accept such. In 
England the managing directors, generally two in number, who 
are delegated to perform the services which in this country are sup- 
posed to be performed by the president, are in the habit of receiving 
substantial sums therefor, by vote at the annual meetings of their 
companies. Business ability is chiefly sought in such places, but 
social and political celebrity are not without their influence. 
Technical knowledge is, of course, equally important as business 
ability, and it is often remarked that companies are successful in 
proportion as the managers possess among themselves a practical 
knowledge of the art in which they have embarked. Although it is 
often quite practicable to secure technical operatives of approved 
skill, it is still desirable that the business managers of the enter- 
prise should understand quite fully the requirements of the work 
in order that the technical staff shall be properly supported in their 
plans and efforts. 

Briefly, the principal functions of the board of directors are : to 
conduct, manage, and control the affairs of the company; to make 
rules and regulations for the guidance of the officers and managers 
of the corporation ; to appoint and remove for cause all officers, 
agents, and employees, and fix their compensation. A majority 
of the board constitutes a quorum, which has full power to transact 
business. The officers are, in America, the president, vice-president, 
secretary, treasurer, and sometimes a manager or general manager. 
The two former must be members of the board, and sometimes the 
secretary and treasurer also must be. They severally hold office 
at the pleasure of the board. The secretary almost universally, 
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and the treasurer quite frequently, is in receipt of a salary, usually 
quite moderate. 

The president's duties are to preside at all meetings of -the board 
and of the stockholders; to sign papers requiring the company's 
signature; to sign certificates of stock; to draw checks upon the 
company's funds; to supervise and control, subject to the board 
of directors, the subordinate officers of the company; and to make 
reports to the stockholders, at their meetings, of the condition of 
the company. Such reports are commonly made at the annual 
meetings of the stockholders, which are an important and in some 
respects an obligatory feature. The vice-president's duties are con- 
fined to serving in the presidential capacity at meetings when the 
president himself is absent. 

The secretary has the custody of the company's seal, which he 
affixes to such papers and documents as may require it. He keeps 
a minute of the proceedings at the meetings of the board of directors, 
and of the stockholders, lie keeps the accounts of the company, at- 
tends to all transfers of stock, and has charge of the books. He 
counter-signs the stock certificates as they are issued, as well as 
all drafts that may be officially signed by the president. He re- 
ceives the money due to the corporation and deposits it with the 
treasurer. He makes out the regular statement of receipts and ex- 
penditures which accompanies the annual reports. 

The treasurer is the custodian of the company's funds, and pays 
them out upon drafts drawn by the properly constituted officers. 
Such is the customary organization of the corporations that earn- 
on the great metallurgical operations of the century. 

It has become quite common of late years for industrial com- 
panies in America to place the immediate conduct of their affairs 
in the hands of a manager or general manager, whose duties resem- 
hh' in a measure those otlierwise given to the president while beiii? 
of a more practical nature. The manager in such cases stands he- 
tw(vn the board of directors and the subordinate employees, and 
also between the company and its customers. All business dealings 
are in his hands, and the routine of buying and selling is particularly 
under his control. An increasing tendency is observed among such 
companies to erect in this manner a sort of one-man power, with the 
manager at the head, taking away a part of the duties and authority, 
on the one hand, of the president and board, and on the other of the 
superintendent of the works. The latter, who in addition to the 
direct conduct of the works often possesses considerable authority 
in related matters of business, now finds himself to a large extent 
to the technical management alone. 
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The superintendents of most of the more important reduction 
works are men of technical education and training, as befits their 
calling. It often happens, however, that whatever the need be of 
men of this sort, such places come to be filled and well filled by per- 
sons whose time has been spent and their experience gained rather 
in actual practice than in theoretical training. Some of the best 
superintendents of metallurgical works are persons who have never 
entered a school of chemistry, but have grown up as it were along- 
side a furnace or stamp battery, and graduated into responsible 
places by dint of observation rather than by the study of books. 
But, however many instances there may be such, the fact remains 
and must not be lost sight of, that the technical manager of a suc- 
cessful works must be a technical man, and also that the best educa- 
tion for a technical man is acquired, or at least begun, in a technical 
school. If we divest the superintendent of those duties which are 
purely of a business cast, such as hiring and discharging employees, 
signing pay checks, supervising account keeping, rendering reports 
of the routine work done, buying and issuing supplies, and making 
returns on ore consignments, in the most of which he is assisted by 
ordinary clerks and bookkeepers, the remainder relates closely to 
strictly metallurgical matters, among which are the calculating of 
the charges for the furnaces, the supervision of the various opera- 
tions, and the minutiae of tests, assays, and analyses, all devoted to 
the perfect working of the plant. Thus a considerable amount of 
business skill is expected of the man in chai;ge, as well as, in the 
ordinary case, much metallurgical skill of a i)ractical sort. Since 
there are two sides to these qualifications, the business and the 
metallurgical, it is easy to understand why the positions of this 
sort are filled now by metallurgists who have risen, it may be, from 
the laboratory or the assay office, and now l)y l)usiness men who 
have graduated from the counter or the desk. The latter may make 
the best superintendents, the more especially if they have procured 
enough knowledge of chemistry to enable them to understand the 
theory of the operations under thejr charge. In most cases it is 
probably better to have a man who has a good business head, along 
with a little knowledge of science, than a truly scientific one who 
knows but little of the ways of the commercial world. It may 
happen that the man in charge of even important works may possess 
no knowledge whatever of metallurgy; in which case it is essential 
for him to make the best use of that of others. Given the proper 
kind of subordinates, he may utilize their knowledge to a great ex- 
tent, and by the use of tact produce equally as good results as the 
most skilled operators. We can see, therefore, that in these places 
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success is more likely to be achieved more frequently by shrewd 
mana|u:enieiit than ])y individual accomplishments. 

(liven a superintendent who is merely a business man, his necps- 1^ 
sary complement is a metalluryfist who is competent to plan and 
conduct the regular oi)erations of the establishment. This is » 
scientific person who has spent, it may be, years in acquiring ^ 
knowledge of the principles and practice of ore treatment. 1^^' 
is almost necessarily a school man, and his knowledge of natur**^^ 
science is of first importance to the concern. In small establi*^^' 
ments he may be the only technical man about the place, combini^^? 
the duties in himself of the assayer, the chemist, and the metalh^^^' 
gist. In addition to these he may even act as the superintendent, ^ 
position that he is likely in the course of time to be advanced to " 
he shows any aptitude for the management of affairs. The duti **'^ 
of the metallurgist are to plan and direct the actual operations ^ *^^ 
ore treatment, he being the technical man, /?ar excellence, of tl^^^*' 
establishment. He is necessarily a skillful and expert chemist, wh"^^^^ 
has specialized upon the lines followed in the works, and he h^s- ^^ 
under his orders the staff of chemists and assavers, his chief bus=?^^*^^" 
ness being to correlate the results which they have obtained anr' "^" 
apply them to the conduct of the processes. Being regarded ofte*' "" 
times as the brains of the institution, he exercises in some situatioi -^^^^ 
a greater influence upon the fortunes of the company than any oi^^^"^^ 
else, his technical skill sometimes surpassing in its effect the be? 
business and administrative skill at the command of the corporatioi 
This fact is especially true of those metallurgists who are connecte 
with smelting works, who have in numerous cases built up th 
fortunes of their companies, while profiting considerably, perhap? 
themselves. In such works the most marked of their duties consist 
in making up the charges, as it is termed; which means performing'' 
the calculations upon w^hich the ingredients of the smelting mixtun* / 
are arranged and weighed out. This, it is hardly necessary to say. ^ 
demands an accurate and wide knowledge of the effects of the differ- 
ent components, as well as a deep working knowledge of tlie com- 
mercial aspects of the business, which vary from day to day and 
demand the closest attention that can be given. 

It is difficult to discover the line of demarkation between the 
metallurgist and the chemist. Strictly speaking, the chemist dis- 
covers facts as to the composition of the bodies before him, while 
the metallurgist makes use of the facts to carry on the work. In 
reality, how^ever, the two occupations are but one in many, perhaps 
most, cases. It is not a long step between making an analysis of 
an ore, and using the information thus acquired to calculate the 
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charge of a furnace. Accordingly, many chemists perform the 
functions of metallurgists, and, on the other hand, many metallur- 
gists do their own analytical work. 

As might be surmised, it is only in the larger establishments 
where such a complete division of labor is necessary that both 
metallurgists and chemists are in control. In smaller and less pre- 
tentous ones there may be but a single person to combine all the 
functions of the metallurgist, the assayer, and the chemist. The 
difference between the assayer and the chemist is nominal. Orig- 
inally the difference was that the former worked exclusively by 
fire methods, w^hile the latter used indifferently wet and dry 
processes. Nowadays many wet methods, some of extreme ac- 
curacy and elegance, have been included in the assayer 's curricu- 
lum, making his work almost identical with that of the chemist. 
Consequently the boundary which divided their crafts in years gone 
by has now become partly obliterated, and it seems that the division 
is becoming year by year more nominal. The practice in both assay- 
ing and chemical analysis has improved vastly within recent years, 
the increasing number of graduates of technical schools who have 
taken up such work having had an excellent effect upon the morale 
and personnel of those branches. Better methods have been intro- 
duced and better educated men have taken hold of the work. The 
useful effect of these schools extends to all branches of metallurgy; 
while everyone knows how much mining and especially mining 
engineering owes to the influx of the numerous well Equipped young 
men whom the schools have turned out in increasing numbers with- 
in late years. The large majority probably of both assayers and 
chemists now active are from the technical schools, the most of them 
endeavoring to qualify themselves for higher work against a time 
when an opportunity may arise for advancement. Few assayers in 
particular look upon their calling as fixed or final. 

The pay of the various classes of workers at a smelter varies 
greatly, being influenced by the custom of the country, the degree of 
proficiency shown, and ])y other contingencies. The manager of a 
large metallurgical works in America oftentimes receives as much 
as $10,000 per year, with instances where considerably more is paid. 
His pay is sometimes contingent upon the financial success of the 
enterprise, to which his services may contribute greatly. Consider- 
ing the heavy responsibilities of the position, and the large amount 
of detailed knowledge demanded, such a salary cannot be considered 
unduly large, and is not greater than such a man would naturally 
earn in any other occupation demanding equal business skill. 
Superintendents subordinate to managers receive from $250 to $500 
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per month, according to circumstances. Those whose duties include 
business as well as technical management naturally get the most. It 
is difficult to estimate the pay of metallurgists, but it is probably 
about equal to that of superintendents, with the exception that 
there is a class of self-styled metallurgists who perform only the 
commoner functions of the oflfice and receive hardly more than the 
pay of assayers. From this comparatively low plane we rise to that 
of the foremost men of the craft, who combine the duties and 
abilities of superintendents, or even of managers, with their own 
higher technical powers and are paid accordingly. Such persons, 
being supposedly capable of conducting the aflfairs of the concern 
in all respects, are expected in case of need to furnish the designs of 
new buildings and parts of the works and receive high pay therefor. 
Metallurgists who have attained proficiency in the practice of their 
art are sought in consultation by parties who have need of advice 
or assistance in the preparation of plans or the conduct of metallur- 
gical work. They are then called metallurgical engineers, or more 
restrictedly, consulting metallurgists. This branch of effort, when 
it concerns the planning and construction of new or the rehabilita- 
tion of old plants, does not differ in character from that carried on 
by ordinary constructing engineers. Men of this sort, if well known, 
frequently receive very high compensation for such services, as high 
or higher than those engaged either in civil or mechanical engineer- 
ing. 

If of a reflective or inventive turn of mind, the metallurgist will 
find a great field of usefulness open to him in improving the appara- 
tus and operations of his chosen branch. It is thought by those 
familiar with the growth and recent history of metallurgical 
engineering that there are few other pursuits that offer such strong 
incentive to the young and ambitious, and few professional means 
of livelihood that surpass it in the certainty and magnitude of its 
returns. The assayer, as a rule, expects to receive about $100 to 
$125 per month, if fairly proficient in his calling. Some are hired 
at much less, some at much more, depending mainly on the locality. 
In some regions, as at Butte, ]\Iontana, the custom has been to pay 
the assayer a daily wage of from $4 to $4.50 per day instead of the 
monthly allowance. Chemists are paid rather better, owing, no 
doubt, to the comparatively greater complexity of their work and 
the greater experience necessary to get reliable results. Probably 
$150 to $200 per month will cover the extreme range of their com- 
pensation. 

In addition to the above groups of employees, who invariably 
receive their wage on a monthly or yearly basis, there are others 
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who in the practical running of the plant are hardly less important, 
but, as they are paid wages and not salaries, are less regarded. 
They are the foremen, who take personal charge of the routine 
work, subject to orders of the superintendent, to whom they report. 
They are commonly two in number, the day and the night foremen, 
and are persons who have risen from the rank and file of the opera- 
tives, having been distinguished by their skill, intelligence, and de- 
votion to their company's interests. As they stand between the 
ordinary workmen and their officials, they occupy positions of no 
mean importance in relation to the welfare and success of the com- 
pany. It will be found that the wages paid to these men, while on 
the daily and not on the monthly basis, are often higher than those 
obtained by the assayers, who are commonly regarded as superior 
in standing. The reason undoubtedly is that the position of foreman 
requires a man of tact and good understanding and experience, 
while the assayers are much younger men, of better education but 
less experience, who are, as it. were, undergoing a probation in the 
practical affairs of life, and who are prone to look upon their billet 
as a sort of stepping-stone to something better. The average wage 
of a good foreman is $5 per day, or $6 in the more important 
establishments. In a properly regulated concern, all orders to the 
men, instead of being given direct to them by the superintendent, 
manager, or other person in chief authority, are transmitted through 
the foreman, for he it is who is directly responsible for their proper 
execution. In this way misunderstandings are avoided and proper 
discipline is maintaned. In order to maintain the foreman's 
authority over the men, he is intrusted with hiring and discharging 
them, all applicants for such positions being referred to him from 
headquarters. The superintendent should be scrupulously careful to 
avoid any appearance of overruling the foreman and thus under- 
mining his authority, careful also to avoid the impression that just 
complaints will not be heard. 

Below the foreman come several individuals who in large works 
perform services somewhat aside from the usual run of laborers and 
receive rather higher pay. They are the samplers, weighers, time- 
keepers, etc. Their duties are variously performed according to the 
size of the works, it being found that the larger the establishment 
the more specialized the duties, until in very large concerns there 
is an almost complete division of labor, the result of which is that 
no individual is expected to perform any work at all outside of his 
narrow specialty. This peculiarity of large concerns is the opposite 
of that in small establishments where every man is expected to make 
himself generally useful, and where, in consequence, the inquiring 
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student, bent upon perfecting: himself in the whole body of the art 
of ore reduction, has «n ampler opportunity of doiu^ ho.* 

The subordinates are the office force, especially clerks, who are 
under the immediate control of the superintendent, and the work- 
men, skilled and unskilled, who carry on the labor of the plant. The 
latter are divided into classes according as they perform routine or 
occasional work about the place. The former class consists of the 
men who attend the furnace, including the tappers, the slag-wheelers 
(in case the barbarous and wasteful method of discarding the slag 
by manual power is followed), the feeders, the charge-wheelers 
(giving way to the drivers of horses and better methods of bringing 
up the charges), the day and night foremen, and generally a weigher 
on each shift. With these are two or three yardmen and an ore 
sampler, whose work goes on more or less steadily. The class of 
intermittent laborers contains principally roustabouts, an uninterest- 
ing and not too intelligent class, composed usually of foreigners 
whose business is to fetch and carry. They have the stowing away 
of the ore, the guiding of the useful but antiquated wheelbarrow, 
and other jobs tor which machinery is inadequate. This is the class 
that gives the most trouble, works the cheapest but costs the most, 
and of which managers are always anxious to be rid. These indivi- 
duals receive salaries and wages in the West about as follows: 

Manager, on term contract, per year $6,000 — $10,000 

Superintendent, unlimited time, per month 250 — 350 

Metallurgist, usual contract, per month 150 — 500 

Assayer (per day $4 to $5) , per month 100 — 150 

Chemist (per day $5 to $6), per month 150 — 200 

Sampler, per day 4 

♦This feature should be borne well in mind by students and others wish- 
ing to familiarize themselves with the operations of general metallurgy. It 
is better for such to connect themselves with small establishments, where 
their opportunities for obtaining practical knowledge of many branches are 
much better than in large concerns, where the tendency is to confine em- 
ployees to particular occupations. Entering the service of a small com- 
pany which is about to begin operations in ore reduction, it is not difficult for 
the young assayer, chemist, surveyor, or clerk to obtain practice in nearly 
or quite every line of occupation about the works. With much profit to him- 
self he may be in turn millman. tankman, weighmaster, slag rustler, furnace 
tender, or roaster-man, and acquire within a short space information and 
practice which will be of immense value in later life. Without this practical 
knowledge in the handiwork of metallurgy it is impossible to achieve the 
highest degree of usefulness in the various branches of the calling. There 
is no doubt that the most successful metallurgists are those who, in addition 
to a wide theoretical knowledge of their craft, have also a practical knowledge 
of how to do it ; that is at least as valuable. 
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Foreman (day ) , per day 5 — 6 

Foreman (night) , per day 4 — 5 

Tappers and feeders, 12-hour shift 3.50 

Slagmen and charge wheelers, 12 hours 2.50 — 3.00 

Roustabouts, per day of 10 hours 2.00 

The total number of men connected with the running of one 
furnace and performing their duties at the works is usually not less 
than 20, and if the carpenters and others whose exertions are fre- 
quently but not constantly employed be included, it may rise to 40. 
On the other hand, there are many small plants which need but a 
dozen or so of men, but these of the best class. The number em- 
ployed will depend mainly on the arrangement of the machinery of 
the plant, its adaptation to the purposes intended, and the inventive- 
ness and originality of the designer. In these respects there is a vast 
difference between plants and a corresponding difference in the cost 
and perfection of the work they do. 

The consulting engineer, in name, at least, if not in principle, is 
the outgrowth of recent conditions. It has become quite the fashion 
with mining and metallurgical organizations that may desire to 
carry on their work in a more than ordinarily thorough style to em- 
ploy consulting exj)erts, much the same as one would employ ah 
attorney or a physician. The consulting expert is a professional 
person who prescribes and gives advice. He has no authority, and 
is not supposed to participate in the management or conduct of any 
part of the business of his employers for the time being, but merely 
to observe conditions and plan and advise. The same qualifications 
which make the physician or the lawyer valuable to his clients must 
be possessed by the consulting engineer — namely, varied accom- 
plishments, deep insight, and extended experience. It is not every 
new company that is circumstanced so as to avail itself fully of such 
qualifications. 

In the first place, the tendency of beginners is to postpone the 
employment of the higher sort of professional assistance until a late 
date, under the erroneous impression that a small enterprise, and 
especially one in its earlier stages, has no need of particular skill 
or knowledge. This is a great mistake. If to this be added the 
natural feeling of dislike that many men have to association with 
persons of talent or attainment beyond their own, sufficient reason 
is found for the omission of many companies to employ skilled 
engineers in their work. There is something also in the desire of 
ambitious members of companies — stockholders, it may be — to dis- 
tinguish themselves by conducting the work in person. No doubt 
the same is to be expected in any other pursuit ; for human nature 
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are enabled to eflfect. Thus, if by some suggestion an economy of 
so many thousand dollars per year results, he might t-eceive one- 
half or one-fourth of the sum for a stipulated number of years, or 
as long as his engagement lasts. 

Metallurgical works should always be open to the visits and 
criticism of qualified persons, instead of being, as so often the case, 
shut against the outer world. The free exchange of ideas by the 
staffs of various works has done more for the prosperity .of com- 
panies and for the advance of metallurgical science than any other 
cause which can be named. Those concerns which shut themselves 
lip jealously, refusing the common courtesy of a visit of curiosity, 
are almost invariably behind the age in some department, perhaps 
in all, and manifest a disposition which is, to say the least, inhar- 
monious with the spirit of the times. This narrow and illiberal 
spirit, which manifests itself oftenest in the behavior of those 
foreigners who have been received on our shores, reacts most in- 
juriously upon the fortunes of those who practice such exclusive- 
ness, and also on the progress of the arts which they make, as a 
rule, so much pretense of understanding. 
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